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A Corporate Dedication to 
Quaiity and Reiiabiiity 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv¬ 
ing down 1C defects and extending product lifetimes. 
From raw material through product design, manufac¬ 
turing and shipping, our quality and reliability is second 
to none. 

We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on¬ 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 



Charles E. Sporck 

President, Chief Executive Officer 

National Semiconductor Corporation 



Wir fiihlen uns zu Qualitat und 
ZuverlMssigkeit verpflichtet 

National Semiconductor Corporation ist fuhrend bei der Her- 
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es gait, die Zahl von 1C Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial uber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind uniibertroffen. 

Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fur andere erstrebenswert sind. Auch ihre Anspruche steig- 
en standig. Sie als unser Kunde konnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Quality et La Fiabilite: 

Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits integr§s d’une tres grande 
qualite et d’une fiabilite exceptionelle. National a ete le pre¬ 
mier a vouloir faire chuter le nombre de circuits integres 
defectueux et a augmenter la dur^e de vie des produits. 
Depuis les matieres premieres, en passant par la concep¬ 
tion du produit sa fabrication et son expedition, partout la 
qualite et la fiabilite chez National sont sans equivalents. 
Nous sommes fiers de notre succds et le standard ainsi 
defini devrait devenir I’objectif e atteindre par les autres so- 
cietes. Et nous continuons e vouloir faire progresser notre 
recherche de la perfection; il en resulte que vous, qui etes 
notre client, pouvez toujours faire confiance e National 
Semiconductor Corporation, en produisant des systemes 
d’une tres grande qualite standard. 


Un Impegno Societario di Quality e 
Affidabilitd 

National Semiconductor Corporation e un’industria al ver- 
tice neila costruzione di circuiti integrati di a|ta qualite ed 
affidabilita. National e stata il principale promotore per I’ab- 
battimento della difettosite dei circuiti integrati e per I’allun- 
gamento della vita dei prodotti. Dal materiale grezzo attra- 
verso tutte le fasi di progettazipne, costruzione e spedi- 
zione, la qualita e affidabilita National non e seconda a nes- 
suno. 

Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per- 
fezione e d’altra parte illimitato e pertanto tu, nostro clients, 
puoi continuare ad affidarti a National Semiconductor Cor¬ 
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 



Charles E. Sporck 

President, Chief Executive Qfficer 


National Semiconductor Corporation 
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TRADEMARKS 

Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 


AbuseableTM 

AnadigTM 

ANS-R-TRANTM 

APPSTM 

ASPECTTM 

Auto-Chem DeflasherTM 

BCPTM 

BI-FETTM 

BI-FET l|TM 

BI-LINETM 

BIPLANTM 

BLCTM 

BLXTM 

Brite-LiteTM 

BTLTM 

CheckTrackTM 

CIMtm 

CIMBUStm 

CLASICTM 

Clock/^ChekTM 

COMBOtm 
COMBO |TM 
COMBO l|TM 

COPSTM microcontrollers 
Datachecker® 

DENSPAKTM 

DIBTM 

Digitalker® 

DISCERNTM 

DISTILLTM 

DNR® 

DPVMTm 

ELSTARTM 

E-Z-LINKTM 

FACTTM 

FAIRCADTM 


FairtechTM 

FAST® 

5-Star ServiceTM 

GENIXtm 

GNXTM 

HAMRtm 

HandiScanTM 

HEX 3000TM 

HPCTM 

|3l® 

ICMtm 

INFOCHEXTm 

Integral ISEtm 

IntellsplayTM 

ISETM 

ISE/06TM 

ISE/08TM 

ISE/16TM 

ISE32TM 

ISOPLANARTM 

ISOPLANAR-ZTM 

KeyScanTM 

LMCMOStm 

M2CMOSTM 

MacrobusTM 

MacrocomponentTM 

MAXI-ROM® 

Meab^ChekTM 

MenuMasterTM 

MicrobusTM data bus 

MICRO-DACtm 

jutalkerTM 

MicrotalkerTM 

MICROWIREtm 

MICROWIRE/PLUStm 

MOLEtm 


MSTtm 

Naked-8TM 

National® 

National Semiconductor® 
National Semiconductor 
Corp.® 

NAX 800TM 

Nitride PIustm 

Nitride Plus OxideTM 

NMLtm 

NOBUStm 

NSC800TM 

NSCISETM 

NSX-16TM 

NS-XC-16TM 

NTERCOMtm 

NURAMtm 

OXISSTM 

P2CMOSTM 

PC MasterTM 

Perfect WatchTM 

Pharmai^ChekTM 

PLANTM 

PLANARtm 

PolycraftTM 

POSilInkTM 

POSitalkerTM 

Power + ControlTM 

POWERplanarTM 

QUAD3000TM 

QUIKLOOKTM 

RATTM 

RTX16TM 

SABRtm 

Scripti^ChekTM 


SCXTM 

SERIES/800TM 

Series 900tm 
Series 3000tm 
Series 32000® 

Shelfi^ChekTM 

SofChekTM 

SPIRETM 

STARTM 

StarlinkTM 

STARPLEXTM 

SuperChipTM 

SuperScriptTM 

SYS32TM 

TapePak® 

TDSTM 

TeleGateTM 

The National Anthem® 

Timei^ChekTM 

TINATM 

TLCTM 

TrapezoidalTM 

TRI-CODETM 

TRI-POLYTM 

TRI-SAFETM 

TRI-STATE® 

TURBOTRANSCEIVERTM 

VIPTM 

VR32TM 

WATCHDOGTM 

XMOStm 

XPUTM 

Z STARTM 

883B/RETSTM 

883S/RETSTM 


LIFE SUPPORT POLICY 

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORA¬ 
TION. As used herein: 


1. Life support devices or systems are devices or systems 
which, (a) are Intended for surgical Implant into the body, 
or (b) support or sustain life, and whose failure to per¬ 
form, when properly used In accordance with instructions 
for use provided in the labeling, can be reasonably ex¬ 
pected to result in a significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason¬ 
ably expected to cause the failure of the life support de¬ 
vice or system, or to affect its safety or effectiveness. 


National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 
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Introduction to the Discrete 
Semiconductor Products 
Data Book 


For many years National Semiconductor has been a major 
supplier of discrete semiconductor devices for the wide rang¬ 
ing consumer, automotive, computer and industrial market¬ 
places. And now ... the acquisition of Fairchild by National 
Semiconductor has heralded in a new era for the NSC Dis¬ 
crete Product Line. The combined product lines have greatly 
magnified the product depth and have now also made Mil- 
Aero versions available. 

This databook reflects the discrete products that were previ¬ 
ously sold by Fairchild along with the NSC bi-polar and JFET 
transistors. These Include: 

• Commercial and Mil-Aero versions of small signal diodes 

• Commercial and Mil-Aero versions of metal can, small sig¬ 
nal bipolar transistors 

• The combined Fairchild and NSC lines of general purpose, 
switching and power transistors in plastic encapsulated 
packages 

• Commercial and Mil-Aero versions of monolithic diode ar¬ 
rays 

• Quad transistor arrays 

• N-Channel, P-Channel and Dual JFET transistors 

• Power MOSFETs and ultrafast rectifiers 

Many of the above devices are also available in surface 
mount packages: 

• Leadless glass diodes 

• SOT diodes and transistors 

• SOIC quad transistor and diode arrays 

The selection guides in this databook are designed to pro¬ 
vide an easy reference to the many standard parts offered by 
NSC. If your needs are not satisfied by any of the devices 
listed, please contact your local NSC Sales Office or the fac¬ 
tory for lead form options and for other special selections 
that are available. 
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1N757A 

2-15 


2N2222A 

3-27 


2N3329 

5-19 



1N758A 

2-15 


2N2243 

3-33 


2N3330 

5-19 



1N759A 

2-15 


2N2243A 

3-33 


2N3331 

5-19 



1N914 

2-3 


2N2369 

3-3 


2N3332 

5-19 



1N914A 

2-3 


2N2369A 

3-3 


2N3369 

5-9 



1N914B 

2-3 


2N2484 

3-8 


2N3370 

5-9 



1N914JAN 

2-10 


2N2515 

5-17 


2N3390 

3-16 



1N914JANTX 2-10 


2N2605 

4-6 


2N3391 

3-16 



1N916 

2-3 


2N2608 

5-19 


2N3392 

3-16 



1N916A 

2-3 


2N2609 

5-19 


2N3393 

3-16 



1N916B 

2-3 


2N2657 

3-36 


2N3394 

3-16 



1N957A 

2-15 


2N2658 

3-36 


2N3395 

3-16 



1N958A 

2-15 


2N2712 

3-16 


2N3396 

3-17 



1N959B 

2-15 


2N2714 

3-16 


2N3397 

3-17 



1N960B 

2-15 


2N2857 

3-12 


2N3398 

3-17 



1N961B 

2-15 


2N2890 

3-36 


2N3414 

3-17 



1N962B 

2-15 


2N2891 

3-36 


2N3415 

3-17 



1N963B 

2-15 


2N2904 

4-8 


2N3416 

3-17 



1N964B 

2-15 


2N2904A 

4-8 


2N3417 

3-17 



1N965B 

2-15 


2N2905 

4-8 


2N3439 

3-37 



1N966B 

2-15 


2N2905A 

4-8 


2N3440 

3-37 



1N967B 

2-15 


2N2906 

4-8 


2N3451 

4-3 



1N968B 

2-15 


2N2906A 

4-9 


2N3458 

5-9 



1N969B 

2-15 


2N2907 

4-9 


2N3459 

5-9 



1N970B 

2-15 


2N2907A 

4-9 


2N3460 

5-9 



1N971B 

2-15 


2N2923 

3-16 


2N3467 

4-4 



1N972B 

2-15 


2N2924 

3-16 


2N3468 

4-5 



1N973B 

2-15 


2N2925 

3-16 


2N3478 

3-12 



1S44 

2-9 


2N2926 

3-16 


2N3546 

3-5 



1S920 

2-9 


2N3009 

3-5 


2N3550 

4-6 



1S921 

2-9 


2N3011 

3-3 


2N3563 

3-12 



1S922 

2-9 


2N3013 

3-5 


2N3564 

3-12 



1S923 

2-9 


2N3014 

3-5 


2N3565 

3-8 



2N1420 

3-26 


2N3019 

3-33 


2N3566 

3-36 



2N1566 

3-26 


2N3020 

3-34 


2N3567 

3-36 



2N1613 

3-32 


2N3053 

3-34 


2N3568 

3-34 



2N1711 

3-32 


2N3107 

3-34 


2N3569 

3-36 



2N1890 

3-32 


2N3108 

3-34 


2N3600 

3-12 



2N1893 

3-32 


2N3109 

3-34 


2N3605 

3-3 



2N2102 

3-32 


2N3110 

3-34 


2N3606 

3-3 



2N2192 

3-32 


2N3117 

3-8 


2N3607 

3-3 



2N2192A 

3-33 


2N3244 

4-4 


2N3638 

4-9 



2N2193 

3-33 


2N3245 

4-4 


2N3638A 

4-9 



2N2193A 

3-33 


2N3246 

3-8 


2N3639 

4-3 



2N2218 

3-26 


2N3252 

3-5 


2N3640 

4-3 



2N2218A 

3-26 


2N3253 

3-5 


2N3641 

3-17 



2N2219 

3-26 


2N3299 

3-27 


2N3642 

3-17 



2N2219A 

3-27 


2N3300 

3-28 


2N3643 

3-17 



2N2221 

3-27 


2N3301 

3-28 


2N3644 

4-9 



2N2221A 

3-27 


2N3302 

3-28 


2N3645 

4-9 



2N2222 

3-27 


2N3304 

4-3 


2N3662 

3-12 
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2N3663 

3-13 

2N3665 

3-34 

2N3666 

3-34 

2N3684 

5-9 

2N3685 

5-9 

2N3686 

5-9 

2N3687 

5-9 

2N3691 

3-28 

2N3692 

3-28 

2N3693 

3-17 

2N3694 

3-17 

2N3700 

3-34 

2N3701 

3-35 

2N3702 

4-9 

2N3703 

4-9 

2N3704 

3-23 

2N3705 

3-23 

2N3706 

3-23 

2N3707 

3-8 

2N3708 

3-8 

2N3709 

3-9 

2N3710 

3-9 

2N3711 

3-9 

2N3721 

3-17 

2N3724 

3-6 

2N3724A 

3-6 

2N3725 

3-6 

2N3725A 

3-6 

2N3794 

3-23 

2N3819 

5-5 

2N3820 

5-19 

2N3821 

5-9 

2N3822 

5-9 

2N3823 

5-5 

2N3824 

5-3 

2N3825 

3-13 

2N3858A 

3-9 

2N3859 

3-17 

2N3859A 

3-9 

2N3860 

3-17 

2N3877 

3-9 

2N3877A 

3-9 

2N3900A 

3-9 

2N3901 

3-9 

2N3903 

3-29 

2N3904 

3-29 

2N3905 

4-14 

2N3906 

4-14 

2N3921 

5-12 

2N3922 

5-12 

2N3932 

3-12 
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2N4125 

4-14 

2N4126 

4-14 

2N4134 

3-14 

2N4135 

3-14 

2N4140 

3-17 

2N4141 

3-17 

2N4142 

4-9 

2N4143 

4-9 

2N4208 

4-3 

2N4209 

4-3 

2N4220 

5-9 

2N4220A 

5-9 

2N4221 

5-9 

2N4221A 

5-9 

2N4222 

5-9 

2N4222A 

5-9 

2N4223 

5-5 

2N4224 

5-5 

2N4248 

4-6 

2N4249 

4-6 

2N4250 

4-6 

2N4250A 

4-6 

2N4258 

4-3 

2N4258A 

4-3 

2N4259 

3-12 

2N4274 

3-3 

2N4275 

3-3 

2N4286 

3-9 

2N4287 

3-9 

2N4288 

4-6 

2N4289 

4-6 

2N4290 

4-9 

2N4291 

4-9 

2N4292 

3-13 

2N4293 

3-13 

2N4294 

3-3 

2N4295 

3-3 

2N4314 

4-18 

2N4338 

5-9 

2N4339 

5-9 

2N4340 

5-9 

2N4341 

5-9 

2N4354 

4-18 

2N4355 

4-18 

2N4356 

4-18 

2N4381 

5-19 

2N4391 

5-3 

2N4392 

5-3 

2N4393 

5-3 

2N4393 

5-7 

2N4400 

3-23 


Device 

Page 

2N3933 

3-12 

2N3934 

5-12 

2N3935 

5-12 

2N3945 

3-35 

2N3946 

3-29 

2N3947 

3-29 

2N3954 

5-12 

2N3954A 

5-12 

2N3955 

5-12 

2N3955A 

5-12 

2N3956 

5-12 

2N3957 

5-12 

2N3958 

5-12 

2N3966 

5-3 

2N3967 

5-9 

2N3967A 

5-9 

2N3968 

5-9 

2N3968A 

5-9 

2N3969 

5-9 

2N3969A 

5-9 

2N3970 

5-3 

2N3971 

5-3 

2N3972 

5-3 

2N4030 

4-18 

2N4031 

4-18 

2N4032 

4-18 

2N4033 

4-18 

2N4036 

4-18 

2N4037 

4-18 

2N4047 

3-6 

2N4058 

4-6 

2N4059 

4-6 

2N4061 

4-6 

2N4062 

4-6 

2N4082 

5-12 

2N4083 

5-12 

2N4084 

5-12 

2N4085 

5-12 

2N4091 

5-3 

2N4092 

5-3 

2N4093 

5-3 

2N4117 

5-8 

2N4117A 

5-8 

2N4118 

5-8 

2N4118A 

5-8 

2N4119 

5-8 

2N4119A 

5-8 

2N4121 

4-14 

2N4122 

4-14 

2N4123 

3-29 

2N4124 

3-29 
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2N4401 

3-24 

2N4402 

4-10 

2N4403 

4-10 

2N4409 

3-9 

2N4410 

3-9 

2N4416 

5-5 

2N4416A 

5-5 

2N4424 

3-17 

2N48562 

5-3 

2N4856A 

5-3 

2N4857 

5-3 

2N4857A 

5-3 

2N4858 

5-3 

2N4858A 

5-3 

2N48592 

5-3 

2N4859A 

5-3 

2N4860 

5-3 

2N4860A 

5-3 

2N4861 

5-3 

2N4861A 

5-3 

2N4916 

4-14 

2N4917 

4-14 

2N4944 

3-24 

2N4945 

3-35 

2N4946 

3-24 

2N4951 

3-24 

2N4952 

3-24 

2N4953 

3-24 

2N4954 

3-24 

2N4964 

4-6 

2N4965 

4-6 

2N4966 

3-9 

2N4967 

3-9 

2N4968 

3-9 

2N4969 

3-17 

2N4970 

3-18 

2N4971 

4-10 

2N4972 

4-10 

2N5018 

5-18 

2N5019 

5-18 

2N5020 

5-19 

2N5021 

5-19 

2N5022 

4-5 

2N5023 

4-5 

2N5030 

3-3 

2N5045 

5-12 

2N5046 

5-12 

2N5047 

5-12 

2N5078 

5-5 

2N5086 

4-7 

2N5087 

4-7 


Device 

Page 

2N5088 

3-10 

2N5089 

3-10 

2N5103 

5-9 

2N5104 

5-9 

2N5105 

5-10 

2N5114 

5-17 

2N5116 

5-18 

2N5127 

3-18 

2N5128 

3-18 

2N5129 

3-18 

2N5130 

3-13 

2N5131 

3-18 

2N5132 

3-18 

2N5133 

3-10 

2N5134 

3-3 

2N5135 

3-18 

2N5136 

3-18 

2N5137 

3-18 

2N5138 

.4-14 

2N5139 

4-14 

2N5140 

4-3 

2N5142 

4-10 

2N5143 

4-10 

2N5148 

3-37 

2N5150 

3-37 

2N5172 

3-18 

2N5179 

3-12 

2N5180 

3-12 

2N5196 

5-12 

2N5197 

5-12 

2N5198 

5-12 

2N5199 

5-12 

2N5209 

3-10 

2N5210 

3-10 

2N5219 

3-18 

2N5220 

3-24 

2N5221 

4-10 

2N5223 

3-18 

2N5224 

3-4 

2N5225 

3-24 

2N5226 

4-10 

2N5227 

4-7 

2N5228 

4-3 

2N5232 

3-10 

2N5232A 

3-10 

2N5245 

5-5 

2N5246 

5-5 

2N5247 

5-5 

2N5248 

5-5 

2N5305 

3-48 

2N5306 

3-48 
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2N5307 

3-48 

2N5308 

3-48 

2N5336 

3-37 

2N5338 

3-37 

2N5354 

4-10 

2N5355 

4-10 

2N5358 

5-10 

2N5359 

5-10 

2N5360 

5-10 

2N5361 

5-10 

2N5362 

5-10 

2N5363 

5-10 

2N5364 

5-10 

2N5365 

4-10 

2N5366 

4-10 

2N5397 

5-5 

2N5398 

5-5 

2N5400 

4-17 

2N5401 

4-17 

2N5432 

5-3 

2N5433 

5-3 

2N5434 

5-3 

2N5447 

4-10 

2N5452 

5-12 

2N5453 

5-12 

2N5454 

5-12 

2N5457 

5-10 

2N5458 

5-10 

2N5459 

5-10 

2N5460 

5-19 

2N5461 

5-19 

2N5462 

5-19 

2N5468 

5-5 

2N5469 

5-5 

2N5470 

5-5 

2N5484 

5-5 

2N5485 

5-5 

2N5486 

5-5 

2N5515 

5-14 

2N5516 

5-14 

2N5517 

5-14 

2N5518 

5-14 

2N5519 

5-14 

2N5520 

5-14 

2N5521 

5-14 

2N5522 

5-14 

2N5523 

5-14 

2N5524 

5-14 

2N5545 

5-12 

2N5546 

5-12 

2N5547 

5-12 
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BA218 

7-3 

BA218 

2-9 

BA316 

7-3 

BA317 

7-3 

BA317 

2-9 

BA318 

7-3 

BA318 

2-9 

BAS16 

6-3 

BAS16 

7-3 

BAS19 

7-3 

BAS20 

7-3 

BAS21 

7-3 

BAS29 

7-3 

BAS31 

7-3 

BAS35 

7-3 

BAV17 

7-3 

BAV17 

2-9 

BAV18 

7-3 

BAV18 

2-9 

BAV19 

7-3 

BAV19 

2-8 

BAV20 

7-3 

BAV20 

2-8 

BAV21 

7-3 

BAV21 

2-8 

BAV70 

6-3 

BAV70 

7-3 

BAV74 

6-3 

BAV74 

7-3 

BAV99 

6-3 

BAV99 

7-3 

BAW56 

6-3 

BAW56 

7-3 

BAW62 

7-3 

BAW75 

7-3 

BAW75 

2-4 

BAW75 

2-5 

BAW76 

7-3 

BAW76 

2-4 

BAX13 

7-3 

BAX13 

2-4 

BAX13 

2-5 

BAX16 

7-3 

BAX16 

2-9 

BAX17 

2-8 

BAY19 

7-4 

BAY71 

7-4 

BAY71 

2-4 

BAY71 

2-5 

BAY72 

7-4 

BAY72 

2-8 


Device 

Page 

BAY73 

7-4 

BAY73 

2-7 

BAY74 

7-4 

BAY74 

2-6 

BAY80 

7-4 

BAY80 

2-8 

BAY82 

7-4 

BAY82 

2-6 

BC27 

7-5 

BC327-10 

7-5 

BC327-16 

7-5 

BC327-25 

7-5 

BC327A 

7-5 

BC328 

7-5 

BC328-10 

7-5 

BC328-16 

7-5 

BC328-25 

7-5 

BC337 

7-5 

BC337-16 

7-5 

BC337-25 

7-5 

BC337A 

7-5 

BC338 

7-6 

BC338-16 

7-6 

BC338-25 

7-6 

BC368 

7-6 

BC369 

7-6 

BC373A-10 

7-22 

BC373A-16 

7-22 

BC373A-25 

7-22 

BC373B 

7-22 

BC373B-10 

7-22 

BG383B-16 

7-22 

BC373B-25 

7-22 

BC373C 

7-22 

BC373C-10 

7-22 

BC373C-16 

7-22 

BC373C-6 

7-22 

BC373D 

7-22 

BC373D-10 

7-22 

BC373D-6 

7-22 

BC546 

7-6 

BC546A 

7-6 

BC546B 

7-6 

BC547 

7-6 

BC547A 

7-6 

BC547B 

7-6 

BC547C 

7-6 

BC548 

7-7 

BC548A 

7-7 

BC548B 

7-7 

BC548C 

7-7 
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BC549 

7-7 

BC549B 

7-7 

BC549C 

7-7 

BC550 

7-7 

BC550B 

7-7 

BC556 

7-7 

BC556A 

7-8 

BC556B 

7-8 

BC557 

7-8 

BC557A 

7-8 

BC557B 

7-8 

BC558 

7-8 

BC658A 

7-8 

BC558B 

7-8 

BC558C 

7-8 

BC559 

7-8 

BC559B 

7-9 

BC559C 

7-9 

BC560 

7-9 

BC560B 

7-9 

BC635 

7-9 

BC636 

7-9 

BC637 

7-9 

BC638 

7-9 

BC639 

7-9 

BC640 

7-9 

BC807 

7-9 

BC807-16 

7-10 

BC807-25 

7-10 

BC807-40 

7-10 

BC808 

7-10 

BC808-16 

7-10 

BC808-25 

7-10 

BC808-40 

7-10 

BC817 

7-10 

BC817-16 

7-10 

BC817-25 

7-10 

BC817-40 

7-10 

BC818 

7-10 

BC818-16 

7-10 

BC818-25 

7-10 

BC818-40 

7-11 

BC846 

7-11 

BC846-A 

7-11 

BC846-B 

7-11 

BC847 

7-11 

BC847-A 

7-11 

BC847-B 

7-11 

BC848 

7-11 

BC848-A 

7-11 

BC848-B 

7-11 
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BC848-C 

7-11 

BC849 

7-12 

BC849B 

7-12 

BC849C 

7-12 

BC850 

7-12 

BC850-B 

7-12 

BC856 

7-12 

BC856-A 

7-12 

BC856-B 

7-12 

BC857 

7-12 

BC857-A 

7-12 

BC857-B 

7-13 

BC858 

7-13 

BC858-B 

7-13 

BC858-C 

7-13 

BC859 

7-13 

BC859-A 

7-13 

BC859-B 

7-13 

BC859-C 

7-13 

BC860 

7-13 

BC860-B 

7-13 

BCF29 

7-13 

BCF30 

7-13 

BCF32 

7-13 

BCF33 

7-14 

BCF70 

7-14 

BCV26 

7-14 

BCV27 

7-14 

BCV71 

7-14 

BCV72 

7-14 

BCW29 

7-14 

BCW30 

7-14 

BCW31 

7-14 

BCW32 

7-14 

BCW33 

7-14 

BCW60 

7-14 

BCW61 

7-14 

BCW65 

7-14 

BCW66 

7-15 

BCW68 

7-15 

BCW69 

7-15 

BCW70 

7-15 

BCW71 

7-15 

BCW72 

7-15 

BCW81 

7-15 

BCW89 

7-15 

BCX17 

7-15 

BCX18 

7-15 

BCX19 

7-15 

BCX20 

7-15 

BCX58 

7-16 
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BCX58-10 

7-16 

BCX58-7 

7-16 

BCX58-8 

7-16 

BCX58-8 

7-16 

BCX58-9 

7-16 

BCX59 

7-16 

BCX59-10 

7-17 

BCX59-7 

7-16 

BCX59-9 

7-17 

BCX70G 

7-17 

BCX70H 

7-17 

BCX70J 

7-17 

BCX71G 

7-17 

BCX71H 

7-17 

BCX71J 

7-17 

BCX78 

7-17 

BCX78-10 

7-18 

BCX78-7 

7-17 

BCX78-8 

7-18 

BCX78-9 

7-18 

BCX79 

7-18 

BCX79-10 

7-18 

BCX79-7 

7-18 

BCX79-8 

7-18 

BCX79-9 

7-18 

BD370A 

7-18 

BD370A-10 

3-19 

BD370A-16 

3-19 

BD370A-25 

3-19 

BD370B 

3-19 

BD370B-10 

3-19 

BD370B-16 

3-19 

BD370B-25 

3-19 

BD370C 

3-19 

BD370C-10 

3-19 

BD370C-16 

3-19 

BD370C-6 

3-19 

BD370D 

3-19 

BD370D-10 

3-19 

BD370D-6 

3-19 

BD371A 

3-19 

BD371A-10 

7-20 

BD371A-16 

7-20 

BD371A-25 

7-20 

BD371B 

7-20 

BD371B-10 

7-20 

BD371B-16 

7-20 

BD371B-25 

7-20 

BD371C 

7-20 

BD371C-10 

7-20 

BD371C-16 

7-20 
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BD371C-6 

7-20 

BD371D 

7-20 

BD371D-10 

7-20 

BD371D-6 

7-20 

BD372A 

7-20 

BD372A-10 

7-21 

BD372A-16 

7-21 

BD372A-25 

7-21 

BD372B 

7-21 

BD372B-10 

7-21 

BD372B-16 

7-21 

BD372B-25 

7-21 

BD372C 

7-21 

BD372C-10 

7-21 

BD372C-16 

7-21 

BD372C-6 

7-21 

BD372B 

7-21 

BD372D-10 

7-21 

BD372D-6 

7-21 

BD373A 

7-21 

BF240 

7-22 

BF241 

7-23 

BF244A 

7-26 

BF244B 

7-26 

BF244C 

7-26 

BF245A 

7-26 

BF245B 

7-26 

BF245C 

7-26 

BF246A 

7-26 

BF246B 

7-26 

BF246C 

7-26 

BF247A 

7-26 

BF247B 

7-26 

BF247C 

7-26 

BF256A 

7-26 

BF256B 

7-26 

BF256C 

7-26 

BF494 

7-23 

BF495 

7-23 

BF536 

7-23 

BF840 

7-23 

BF841 

7-23 

BF936 

7-23 

BFS18 

7-23 

BFS19 

7-23 

BSR13 

7-23 

BSR14 

7-24 

BSR15 

7-24 

BSR16 

7-24 

BSR17 

7-24 

BSR18 

7-24 
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BSR19 

7-24 

■ 

D40P1 

3-38 

■ 

D44C10 

9-4 



BSR20 

7-24 


D40P3 

3-38 


D44C12 

9-4 



BSR56 

7-26 


D40P5 

3-38 


D44C2 

9-3 



BSR57 

7-26 


D41D1 

4-21 


D44C3 

9-3 



BSR58 

7-26 


D41D10 

4-21 


D44C4 

9-4 



BSS38 

7-24 


D41D11 

4-22 


D44C5 

9-4 



BSS63 

7-24 


D41D13 

4-22 


D44C6 

9-4 



BSS64 

7-24 


D41D14 

4-22 


D44C7 

9-4 



BSS79-B 

7-25 


D41D2 

4-21 


D44C8 

9-4 



BSS79-C 

7-25 


D41D4 

4-21 


D44C9 

9-4 



BSS80-B 

7-25 


D41D5 

4-21 


D44H1 

9-4 



BSS80-C 

7-25 


D41D7 

4-21 


D44H10 

9-4 



BSV52 

7-25 


D41D8 

4-21 


D44H11 

9-4 



BSX39 

7-25 


D41E1 

4-22 


D44H4 

9-4 



CS9011 

8-3 


D41E5 

4-22 


D44H5 

9-4 



CS9012 

8-3 


D41E7 

4-22 


D44H7 

9-4 



CS9013 

8-3 


D41K1 

4-26 


D44H8 

9-4 



CS9014 

8-3 


D41K2 

4-26 


D45C1 

9-5 



CS9015 

8-3 


D41K3 

4-26 


D45C10 

9-6 



CS9016 

8-3 


D41K4 

4-26 


D45C12 

9-6 



CS9018 

8-3 


D42C1 

9-3 


D45C2 

9-5 



D40C1 

3-49 


D42C1 



D45C3 

9-5 



D40C2 

3-49 


D42C10 

9-3 


D45C4 

9-6 



D40C3 

3-49 


D42C11 

9-3 


D45C5 

9-6 



D40C4 

3-49 


D42C2 

9-3 


D45C6 

9-6 



D40C5 

3-49 


D42C2 

3-40 


D45C7 

9-6 



D40C7 

3-49 


D42C3 

9-3 


D45C8 

9-6 



D40C8 

3-49 


D42C3 

3-40 


D45C9 

9-6 



D40D1 

3-39 


D42C4 

9-3 


D45H1 

9-6 



D40D10 

3-42 


D42C5 

9-3 


D45H10 

9-6 



D40D11 

3-42 


D42C5 

3-41 


D45H11 

9-6 



D40D13 

3-43 


D42C6 

3-41 


D45H2 

9-6 



D40D14 

3-43 


D42C7 

9-3 


D45H4 

9-6 



D40D2 

3-40 


D42C8 

9-3 


D45H5 

9-6 



D40D3 

3-40 


D42C9 

9-3 


D45H7 

9-6 



D40D4 

3-40 


D42D12 

9-3 


D45H8 

9-6 



D40D5 

3-40 


D42D4 

3-41 


EDI 402 

8-3 



D40D6 

3-40 


D42D6 

9-3 


EDI 502 

8-3 



D40D7 

3-40 


D43C1 

9-5 


EDI 602 

8-3 



D40D8 

3-40 


D43C10 

9-5 


EDI 702 

8-3 



D40E1 

3-40 


D43C11 

9-5 


EDI 802 

8-3 



D40E5 

3-41 


D43C12 

9-5 


FAS02501 

6-12 



D40E7 



D43C2 

9-5 


FAS02503 

6-12 



D40K1 

3-49 


D43C3 

9-5 


FAS02509 

8-3 



D40K2 

3-49 


D43C4 

9-5 


FAS02510 

6-12 



D40K3 

3-49 


D43C5 

9-5 


FAS02563 

6-12 



D40K4 

3-49 


D43C6 

9-5 


FAS02564 

6-12 



D40N1 

3-45 


D43C7 

9-5 


FAS02565 

6-12 



D40N2 

3-45 


D43C8 

9-5 


FAS02566 

6-12 



D40N3 

3-45 


D43C9 

9-5 


FAS02619 

6-12 



D40N4 

3-45 


D44C1 

9-3 


FAS02620 

6-12 
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FAS02719 

6-12 

FAS02720 

6-12 

FD700 

2-6 

FD777 

2-6 

FDH1000 

2-9 

FDH300 

2-7 

FDH333 

2-7 

FDH400 

2-8 

FDH444 

2-8 

FDH600 

2-6 

FDH666 

2-6 

FDH900 

2-6 

FDH900 

2-9 

FDH999 

2-6 

FDH999 

2-9 

FDLL300 

6-10 

FDLL3064 

6-7 

FDLL3070 

6-11 

FDLL333 

6-10 

FDLL3595 

6-10 

FDLL3600 

6-7 

FDLL400 

6-11 

FDLL4009 

6-7 

FDLL4148 

6-7 

FDLL4149 

6-7 

FDLL4150 

6-7 

FDLL4151 

6-8 

FDLL4152 

6-8 

FDLL4153 

6-8 

FDLL4154 

6-8 

FDLL4305 

6-8 

FDLL4446 

6-8 

FDLL4447 

6-8 

FDLL4448 

6-8 

FDLL4449 

6-8 

FDLL4450 

6-8 

FDLL4454 

6-8 

FDLL456 

6-10 

FDLL456A 

6-10 

FDLL457 

6-10 

FDLL457A 

6-10 

FDLL458 

6-10 

FDLL458A 

6-10 

FDLL459 

6-10 

FDLL459A 

6-10 

FDLL461A 

6-9 

FDLL462A 

6-9 

FDLL463A 

6-9 

FDLL482B 

6-10 

FDLL483B 

6-10 

FDLL484B 

6-10 
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Page 

FDLL485B 

6-10 

FDLL600 

6-7 

FDLL6099 

6-10 

FDLL625 

6-7 

FDLL626 

6-11 

FDLL627 

6-11 

FDLL628 

6-11 

FDLL629 

6-11 

FDLL658 

6-11 

FDLL659 

6-9 

FDLL660 

6-11 

FDLL661 

6-9 

FDLL666 

6-7 

FDLL914 

6-7 

FDLL914A 

6-7 

FDLL914B 

6-7 

FDLL916 

6-7 

FDLL916A 

6-7 

FDLL916B 

6-7 

FDLL920 

6-9 

FDLL921 

6-9 

FDLL922 

6-9 

FDLL923 

6-9 

FDS01201 

6-3 

FDS01202 

6-3 

FDS01203 

6-3 

FDS01204 

6-3 

FDS01205 

6-3 

FDS01301 

6-4 

FDS01401 

6-4 

FDS01402 

6-4 

FDS01403 

6-4 

FDS01404 

6-4 

FDS01405 

6-4 

FDS01501 

6-4 

FDS01502 

6-4 

FDS01503 

6-4 

FDS01504 

6-4 

FDS01505 

6-4 

FDS03070 

6-4 

FDS03595 

6-4 

FDS04148 

6-3 

FDS04448 

6-3 

FDS0914 

6-3 

FJT1100 

2-7 

FJT1101 

2-7 

FMP18N05 

9-13 

FMP18N06 

9-13 

FMP20N05 

9-13 

FMP20N06 

9-13 

FRK3205CC 

9-10 
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FRK3210CC 

9-10 

FRK3215CC 

9-10 

FRK3220CC 

9-10 

FRP1005 

9-7 

FRP1010 

9-7 

FRP1015 

9-7 

FRP1020 

9-7 

FRP1605 

9-8 

FRP1605CC 

9-9 

FRP1610 

9-8 

FRP1610CC 

9-9 

FRP1615 

9-8 

FRP1615CC 

9-9 

FRP1620 

9-8 

FRP1620CC 

9-9 

FRP1640CC 

9-9 

FRP1650CC 

9-9 

FRP1660CC 

9-9 

FRP2005CC 

9-9 

FRP2010CC 

9-9 

FRP2015CC 

9-9 

FRP2020CC 

9-9 

FRP805 

9-7 

FRP810 

9-7 

FRP815 

9-7 

FRP820 

9-7 

FRP840 

9-7 

FRP850 

9-7 

FRP860 

9-7 

FSA2002 

2-12 

FSA2003 

2-12 

FSA2500M 

2-12 

FSA2501M 

2-12 

FSA2501P 

2-12 

FSA2503M 

2-12 

FSA2503P 

2-12 

FSA2504M 

2-12 

FSA2508P 

2-12 

FSA2509M 

2-12 

FSA2509P 

2-12 

FSA2510M 

2-13 

FSA2510P 

2-13 

FSA2563M 

2-13 

FSA2563P 

2-13 

FSA2564M 

2-13 

FSA2564P 

2-13 

FSA2565M 

2-13 

FSA2565P 

2-13 

FSA2566M 

2-13 

FSA2566P 

2-13 

FSA2619M 

2-13 
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FSA2619P 

2-13 

FSA2620M 

2-13 

FSA2620P 

2-13 

FSA2621M 

2-13 

FSA2621M 

2-13 

FSA2719M 

2-13 

FSA2719P 

2-13 

FSA2720M 

2-13 

FSA2720P 

2-13 

FSA2721M 

2-13 

IRF130 

9-15 

IRF131 

9-15 

IRF132 

9-15 

IRF133 

9-15 

IRF140 

9-18 

IRF141 

9-18 

IRF142 

9-18 

IRF143 

9-18 

IRF150 

9-20 

IRF151 

9-20 

IRF152 

9-20 

IRF153 

9-20 

IRF230 

9-15 

IRF231 

9-15 

IRF232 

9-16 

IRF233 

9-16 

IRF240 

9-18 

IRF241 

9-18 

IRF242 

9-18 

IRF243 

9-18 

IRF250 

9-20 

IRF251 

9-20 

IRF252 

9-21 

IRF253 

9-21 

iRF330 

9-16 

IRF331 

9-16 

IRF332 

9-16 

IRF333 

9-16 

IRF3340 

9-19 

IRF341 

9-19 

IRF342 

9-19 

IRF343 

9-19 

IRF350 

9-21 

IRF351 

9-21 

IRF352 

9-21 

IRF353 

9-21 

IRF430 

9-17 

IRF431 

9-17 

IRF432 

9-17 

IRF433 

9-17 

IRF440 

9-19 


Device 
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IRF722 

9-14 

IRF723 

9-14 

IRF730 

9-16 

IRF730 

9-22 

IRF731 

9-16 

IRF732 

9-17 

IRF733 

9-17 

IRF740 

9-19 

IRF740 

9-23 

IRF741 

9-19 

IRF742 

9-19 

IRF743 

9-19 

IRF820 

9-14 

IRF820 

9-22 

IRF821 

9-14 

IRF822 

9-14 

IRF823 

9-14 

IRF830 

9-17 

IRF830 

9-22 

IRF831 

9-17 

IRF832 

9-17 

IRF833 

9-17 

IRF840 

9-20 

IRF840 

9-23 

IRF841 

9-20 

IRF842 

9-20 

IRF843 

9-20 

IRFP140 

9-18 

IRFP140CF 

9-22 

IRFP141 

9-18 

IRFP141CF 

9-22 

IRFP150 

9-20 

IRFP150CF 

9-23 

IRFP151 

9-20 

IRFP151CF 

9-23 

IRFP240 

9-18 

IRFP240CF 

9-23 

IRFP241 

9-18 

IRFP241CF 

9-23 

IRFP250 

9-20 

IRFP250CF 

9-23 

IRFP251 

9-21 

IRFP251CF 

9-23 

IRFP340 

9-19 

IRFP340CF 

9-23 

IRFP341 

9-19 

IRFP341CF 

9-23 

IRFP350 

9-21 

IRFP350CF 

9-24 

IRFP351 

9-21 

IRFP351CF 

9-24 


Device 

Page 

IRF441 

9-19 

IRF442 

9-20 

IRF443 

9-20 

IRF450 

9-21 

IRF451 

9-21 

IRF452 

9-21 

IRF453 

9-21 

IRF510 

9-12 

IRF511 

9-12 

IRF512 

9-12 

IRF513 

9-12 

IRF520 

9-13 

IRF520 

9-22 

IRF521 

9-13 

IRF522 

9-13 

IRF523 

9-13 

IRF530 

9-15 

IRF530 

9-22 

IRF531 

9-15 

IRF532 

9-15 

IRF533 

9-15 

IRF540 

9-18 

IRF540 

9-22 

IRF541 

9-18 

IRF542 

9-18 

IRF543 

9-18 

IRF610 

9-12 

IRF611 

9-12 

IRF612 

9-12 

IRF613 

9-12 

IRF620 

9-14 

IRF620 

9-22 

IRF621 

9-14 

IRF622 

9-14 

IRF623 

9-14 

IRF630 

9-16 

IRF630 

9-22 

iRF631 

9-16 

IRF632 

9-16 

IRF633 

9-16 

IRF640 

9-19 

IRF640 

9-23 

IRF641 

9-19 

IRF642 

9-19 

IRF710 

9-12 

IRF711 

9-12 

IRF712 

9-13 

IRF713 

9-13 

IRF720 

9-14 

IRF720 

9-22 

IRF721 

9-14 
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IRFP440 

9-19 

IRFP440CF 

9-23 

IRFP441 

9-20 

IRFP441CF 

9-23 

IRFP450 

9-21 

IRFP450CF 

9-24 

IRFP451 

9-21 

IRFP451CF 

9-24 

J105 

5-4 

J106 

5-4 

J107 

5-4 

J108 

5-4 

J109 

5-4 

J110 

5-4 

J111 

5-4 

J112 

5-4 

J113 

5-4 

J114 

5-4 

J174 

5-18 

J175 

5-18 

J176 

5-18 

J177 

5-18 

J201 

5-10 

J202 

5-10 

J203 

5-10 

J210 

5-10 

J211 

5-10 

J212 

5-10 

J270 

5-19 

J271 

5-19 

J300 

5-5 

J304 

5-5 

J305 

5-5 

J308 

5-5 

J309 

5-5 

J310 

5-5 

J401 

5-13 

J402 

5-13 

J403 

5-12 

J404 

5-13 

J405 

5-13 

J406 

5-13 

J410 

5-13 

J411 

5-13 

J412 

5-13 

MMBF4391 

6-36 

MMBF4393 

6-36 

MMBF5911 

6-37 

MMBFJ113 

6-36 

MMBFJ174 

6-38 

MMBFJ175 

6-38 
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MMBT3641 

6-20 

MMBT3642 

6-20 

MMBT3643 

6-20 

MMBT3644 

6-29 

MMBT3645 

6-29 

MMBT3646 

6-14 

MMBT3693 

6-23 

MMBT3694 

6-23 

MMBT3700 

6-24 

MMBT3702 

6-30 

MMBT3703 

6-30 

MMBT3903 

6-23 

MMBT3904 

6-23 

MMBT3905 

6-31 

MMBT3906 

6-31 

MMBT3946 

6-23 

MMBT3962 

6-34 

MMBT4121 

6-31 

MMBT4122 

6-31 

MMBT4123 

6-23 

MMBT4124 

6-23 

MMBT4125 

6-32 

MMBT4126 

6-32 

MMBT4143 

6-34 

MMBT4248 

6-27 

MMBT4249 

6-27 

MMBT4250 

6-27 

MMBT4250A 

6-27 

MMBT4258 

6-26 

MMBT4274 

6-13 

MMBT4275 

6-13 

MMBT4291 

6-34 

MMBT4354 

6-32 

MMBT4355 

6-33 

MMBT4356 

6-33 

MMBT4400 

6-22 

MMBT4401 

6-22 

MMBT4402 

6-30 

MMBT4403 

6-30 

MMBT4409 

6-16 

MMBT4410 

6-16 

MMBT4888 

6-35 

MMBT4889 

6-35 

MMBT4916 

6-32 

MMBT4917 

6-32 

MMBT5086 

6-27 

MMBT5087 

6-27 

MMBT5088 

6-16 

MMBT5089 

6-16 

MMBT5128 

6-21 

MMBT5130 

6-15 
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MMBFJ176 

6-38 

MMBFJ177 

6-38 

MMBT100 

6-18 

MMBT100A 

6-18 

MMBT101 

6-18 

MMBT200 

6-33 

MMBT200A 

6-34 

MMBT201 

6-34 

MMBT2218 

6-18 

MMBT2218A 

6-18 

MMBT2219 

6-18 

MMBT2219A 

6-19 

MMBT2221 

6-19 

MMBT2221A 

6-19 

MMBT2222 

6-19 

MMBT2222A 

6--19 

MMBT2369 

6-13 

MMBT2369A 

6-13 

MMBT2484 

6-16 

MMBT2484 

6-20 

MMBT2710 

6-14 

MMBT2904 

6-28 

MMBT2904A 

6-28 

MMBT2905 

6-28 

MMBT2905A 

6-28 

MMBT2906 

6-28 

MMBT2906A 

6-28 

MMBT2907 

6-29 

MMBT2907A 

6-29 

MMBT2924 

6-20 

MMBT3013 

6-14 

MMBT3014 

6-14 

MMBT3117 

6-16 

MMBT3251 

6-31 

MMBT3392 

6-20 

MMBT3393 

6-20 

MMBT3414 

6-20 

MMBT3415 

6-20 

MMBT3416 

6-20 

MMBT3417 

6-20 

MMBT3467 

6-35 

MMBT3563 

6-15 

MMBT3565 

6-16 

MMBT3566 

6-20 

MMBT3567 

6-24 

MMBT3568 

6-24 

MMBT3569 

6-24 

MMBT3638 

6-29 

MMBT3638A 

6-29 

MMBT3639 

6-26 

MMBT3640 

6-26 
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MMBT5133 

6-17 


MMBT930A 

6-16 


MPQA13 

3-50 



MMBT5134 

6-13 


MMBTA05 

6-24 


MPQA63 

4-26 



MMBT5135 

6-21 


MMBTA06 

6-24 


MPS2369 

3-4 



MMBT5136 

6-21 


MMBTA12 

6-25 


MPS2369A 

3-4 



MMBT5137 

6-21 


MMBTA13 

6-25 


MPS2711 

3-29 



MMBT5138 

6-32 


MMBTA14 

6-25 


MPS2712 

3-29 



MMBT5139 

6-32 


MMBTA20 

6-21 


MPS2713 

3-4 



MMBT5142 

6-30 


MMBTA42 

6-24 


MPS2714 

3-4 



MMBT5143 

6-30 


MMBTA43 

6-24 


MPS2716 

3-30 



MMBT5172 

6-21 


MMBTA55 

6-33 


MPS2923 

3-18 



MMBT5179 

6-15 


MMBTA56 

6-33 


MPS2924 

3-18 



MMBT5209 

6-17 


MMBTA70 

6-27 


MPS2925 

3-18 



MMBT5210 

6-17 


MMBTA92 

6-35 


MPS2926 

3-19 



MMBT5223 

6-21 


MMBTA93 

6-35 


MPS3392 

3-19 



MMBT5224 

6-13 


MMBTH10 

6-15 


MPS3393 

3-19 



MMBT5226 

6-30 


MMBTH11 

6-15 


MPS3394 

3-19 



MMBT5227 

6-27 


MMBTH20 

6-14 


MPS3395 

3-19 



MMBT5228 

6-26 


MMBTH24 

6-15 


MPS3396 

3-19 



MMBT5400 

6-35 


MMBTH30 

6-15 


MPS3397 

3-19 



MMBT5401 

6-35 


MMBTH34 

6-15 


MPS3398 

3-19 



MMBT5447 

6-34 


MMBTH81 

6-35 


MPS3563 

3-13 



MMBT5551 

6-22 


MMBTL01 

6-22 


MPS3638 

4-11 



MMBT5571-2 

6-26 


MMBTL51 

6-35 


MPS3638A 

4-11 



MMBT5769 

6-13 


MPAS92 

4-20 


MPS3639 

4-3 



MMBT5771 

6-26 


MPF102 

5-6 


MPS3640 

4-3 



MMBT577M 

6-26 


MPF103 

5-10 


MPS3644 

4-11 



MMBT5772 

6-14 


MPF104 

5-10 


MPS3645 

4-11 



MMBT5830 

6-22 


MPF105 

5-10 


MPS3646 

3-5 



MMBT5831 

6-22 


MPF106 

5-6 


MPS3693 

3-19 



MMBT5833 

6-22 


MPF107 

5-6 


MPS3694 

3-19 



MMBT5855 

6-33 


MPF108 

5-6 


MPS3702 

4-11 



MMBT5857 

6-33 


MPF109 

5-10 


MPS3703 

4-11 



MMBT5910 

6-26 


MPF110 

5-10 


MPS3704 

3-24 



MMBT5961 

6-17 


MPF111 

5-10 


MPS3705 

3-24 



MMBT5962 

6-17 


MPF112 

5-10 


MPS3706 

3-24 



MMBT5965 

6-22 


MPF256 

5-6 


MPS3707 

3-10 



MMBT6426 

6-25 


MPF820 

5-6 


MPS3708 

3-10 



MMBT6502 

6-30 


MPQ100 

3-18 


MPS3709 

3-10 



MMBT6514 

6-23 


MPQ200 

4-16 


MPS3710 

3-10 



MMBT6515 

6-21 


MPQ2222 

3-18 


MPS3711 

3-11 



MMBT6518 

6-32 


MPQ2907 

4-11 


MPS3721 

3-30 



MMBT6520 

6-21 


MPQ3467 

4-5 


MPS3826 

3-30 



MMBT6521 

6-21 


MPQ3468 

4-5 


MPS3827 

3-30 



MMBT6543 

6-15 


MPQ3724 

3-7 


MPS3903 

3-19 



MMBT6560 

6-24 


MPQ3725 

3-7 


MPS3904 

3-19 



MMBT6561 

6-24 


MPQ3904 

3-29 


MPS3905 

4-15 



MMBT6562 

6-33 


MPQ3906 

4-14 


MPS3905 

4-16 



MMBT706 

6-13 


MPQ6426 

3-50 


MPS3906 

4-15 



MMBT706A 

6-13 


MPQ6700 

4-15 


MPS3906 

4-16 



MMBT918 

6-15 


MPQ6700 

4-16 


MPS4354 

4-19 



MMBT930 

6-16 


MPQ6700 

3-29 


MPS4355 

4-19 
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MPS4356 

4-19 

MPS5172 

3-19 

MPS5770 

3-13 

MPS6507 

3-13 

MPS6511 

3-13 

MPS6512 

3-30 

MPS6513 

3-30 

MPS6514 

3-30 

MPS6515 

3-30 

MPS6516 

4-15 

MPS6516 

4-16 

MPS6517 

4-15 

MPS6517 

4-16 

MPS6518 

4-15 

MPS6518 

4-16 

MPS6520 

3-20 

MPS6521 

3-20 

MPS6522 

3-24 

MPS6523 

4-7 

MPS6530 

3-25 

MPS6531 

3-25 

MPS6532 

3-25 

MPS6533 

4-11 

MPS6534 

4-11 

MPS6535 

4-11 

MPS6539 

3-12 

MPS6540 

3-15 

MPS6541 

3-13 

MPS6542 

3-14 

MPS6543 

3-14 

MPS6544 

3-15 

MPS6546 

3-14 

MPS6547 

3-14 

MPS6548 

3-12 

MPS6559 

3-14 

MPS6562 

4-19 

MPS6564 

3-30 

MPS6565 

3-30 

MPS6566 

3-20 

MPS6567 

3-15 

MPS6568A 

3-14 

MPS6569 

3-14 

MPS6570 

3-14 

MPS6571 

3-11 

MPS6573 

3-20 

MPS6574 

3-20 

MPS6575 

3-20 

MPS6576 

3-20 

MPS6715 

3-41 

MPS6717 

3-41 

MPS6724 

3-50 
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MPSW63 

4-26 

MPSW92 

4-20 

MRF501 

3-12 

MRF502 

3-12 

MTP10N08 

9-13 

MTP10N10 

9-13 

MTP12N18 

9-16 

MTP12N20 

9-16 

MTP20N08 

9-15 

MTP20N10 

9-15 

MTP2N18 

9-12 

MTP2N20 

9-12 

MTP2N35 

9-13 

MTP2N40 

9-13 

MTP2N45 

9-14 

MTP2N50 

9-14 

MTP3N35 

9-14 

MTP3N40 

9-14 

MTP4N08 

9-12 

MTP4N10 

9-12 

MTP4N45 

9-18 

MTP4N50 

9-18 

MTP5N35 

9-17 

MTP5N40 

9-17 

MTP7N18 

9-14 

MTP7N20 

9-14 

NA11 

8-4 

NA12 

8-4 

NA31 

8-4 

NA32 

8-4 

NB111 

8-4 

NB121 

8-4 

NDF9406 

5-16 

NDF9407 

5-16 

NDF9408 

5-15 

NDF9409 

5-16 

NDF9410 

5-16 

NF5011 

5-15 

NF5011C 

5-15 

NF5012 

5-15 

NF5101 

5-7 

NF5102 

5-7 

NF5103 

5-7 

NF5301 

5-8 

NF5301-1 

5-8 

NF5301-2 

5-8 

NF5301-3 

5-8 

NPD5584 

5-15 

NPD5585 

5-15 

NPD5586 

5-15 

NPD8301 

5-13 


Device 

Page 

MPS6725 

3-50 

MPS6727 

4-23 

MPS6733 

3-45 

MPS6734 

3-45 

MPS6735 

3-45 

MPS706 

3-4 

MPS706A 

3-4 

MPS8098 

3-20 

MPS8099 

3-20 

MPS834 

3-4 

MPS918 

3-13 

MPSA05 

3-35 

MPSA06 

3-35 

MPSA09 

3-11 

MPSA10 

3-20 

MPSA12 

3-50 

MPSA13 

3-50 

MPSA14 

3-50 

MPSA18 

3-11 

MPSA20 

3-20 

MPSA42 

3-45 

MPSA42 

3-45 

MPSA43 

3-45 

MPSA43 

3-46 

MPSA55 

4-19 

MPSA56 

4-19 

MPSA62 

4-26 

MPSA63 

4-26 

MPSA65 

4-26 

MPSA66 

4-26 

MPSA70 

4-7 

MPSA93 

4-20 

MPSH10 

3-12 

MPSH11 

3-14 

MPSH19 

3-15 

MPSH20 

3-15 

MPSH24 

3-15 

MPSH30 

3-14 

MPSH31 

3-14 

MPSH34 

3-15 

MPSH37 

3-15 

MPSL01 

3-25 

MPSL51 

4-17 

MPSW01 

3-41 

MPSW06 

3-43 

MPSW10 

3-45 

MPSW13 

3-50 

MPSW42 

3-45 

MPSW43 

3-46 

MPSW45 

3-50 

MPSW45A 

3-50 
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NPD8302 

5-13 

NPD8303 

5-13 

NPD8304 

5-13 

NR421 

8-4 

NR431 

8-4 

NS3903 

3-31 

NS3904 

3-31 

NSD102 

3-41 

NSD103 

3-41 

NSD104 

3-43 

NSD105 

3-43 

NSD106 

3-43 

NSD131 

3-46 

NSD132 

3-46 

NSD133 

3-46 

NSD134 

3-46 

NSD135 

3-46 

NSD151 

3-50 

NSD152 

3-50 

NSD153 

3-50 

NSD154 

3-50 

NSD202 

4-21 

NSD203 

4-21 

NSD204 

4-24 

NSD205 

4-24 

NSD206 

4-25 

NSD3429 

3-39 

NSD3440 

3-39 

NSD36 

3-39 

NSD36A 

3-39 

NSD36B 

3-39 

NSD36C 

3-39 

NSD457 

3-46 

NSD458 

3-46 

NSD459 

3-46 

NSD6178 

3-43 

NSD6179 

3-41 

NSD6180 

4-23 

NSD6181 

4-23 

NSDU01 

3-40 

NSDU01A 

3-41 

NSDU05 

3-42 

NSDU06 

3-43 

NSDU07 

3-43 

NSDU10 

3-46 

NSDU45 

3-51 

NSDU45A 

3-51 

NSDU51 

4-21 

NSDU51A 

4-21 

NSDU52 

4-22 

NSDU55 

4-23 
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NSDU56 

4-25 

NSDU57 

4-25 

NvSDU95 

4-26 

NSDU95A 

4-26 

NSE181 

3-42 

NSE457 

3-46 

NSE458 

3-46 

NSE459 

3-47 

PI 086 

5-18 

P1087 

5-18 

PE4020 

3-11 

PE8550 

4-23 

PF5101 

5-7 

PF5301 

5-8 

PF5301-1 

5-8 

PF5301-2 

5-8 

PF5301-3 

5-8 

PN100 

3-20 

PN100A 

3-20 

PN101 

3-21 

PN200 

4-16 

PN200A 

4-17 

PN201 

4-17 

PN2221 

3-21 

PN2221A 

3-21 

PN2222 

3-21 

PN2222A 

3-28 

PN2369 

3-4 

PN2369A 

3-4 

PN2484 

3-11 

PN2906 

4-11 

PN2906A 

4-12 

PN2907 

4-12 

PN2907A 

4-12 

PN3251 

4-15 

PN3251 

4-16 

PN3563 

3-13 

PN3564 

3-13 

PN3665 

3-11 

PN3566 

3-36 

PN3567 

3-36 

PN3568 

3-35 

PN3569 

3-36 

PN3638 

4-12 

PN3638A 

4-12 

PN3639 

4-4 

PN3640 

4-4 

PN3641 

3-21 

PN3642 

3-21 

PN3643 

3-21 

PN3644 

4-12 
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PN3645 

4-12 

PN3646 

3-5 

PN3684 

5-10 

PN3685 

5-10 

PN3686 

5-10 

PN3687 

5-11 

PN3691 

3-31 

PN3692 

3-31 

PN3694 

3-21 

PN4091 

5-4 

PN4092 

5-4 

PN4093 

5-4 

PN4117 

5-8 

PN4117A 

5-8 

PN4118 

5-8 

PN4118A 

5-8 

PN4119 

5-8 

PN4119A 

5-8 

PN4120 

5-8 

PN4120A 

5-8 

PN4121 

4-15 

PN4121 

4-16 

PN4122 

4-15 

PN4122 

4-16 

PN4140 

3-21 

PN4141 

3-22 

PN4142 

4-13 

PN4143 

4-13 

PN4220 

5-11 

PN4221 

5-11 

PN4222 

5-11 

PN4223 

5-6 

PN4224 

5-6 

PN4248 

4-7 

PN4249 

4-7 

PN4250 

4-7 

PN4250A 

4-7 

PN4258 

4-4 

PN4258A 

4-4 

PN4274 

3-4 

PN4275 

3-5 

PN4302 

5-11 

PN4303 

5-11 

PN4304 

5-11 

PN4338 

5-11 

PN4339 

5-11 

PN4342 

5-19 

PN4354 

4-19 

PN4355 

4-19 

PN4356 

4-19 

PN4360 

5-19 
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Reliability and Quality 


RELIABILITY VIS-A-VIS QUALITY 

The words “reliability” and “quality” are often used inter¬ 
changeably, as though they connote identical facets of a 
product’s merit. However, reliability and quality are different, 
and discrete component users must understand the essen¬ 
tial difference between the two concepts in order to properly 
evaluate the various vendors’ programs for product integrity. 
The concept of quality gives us information about the popu¬ 
lation of faulty components among good components, and 
generally relates to the number of faulty components that 
arrive at a user’s facility. Looked at in another way, quality 
can instead relate to the number of faulty components that 
escape detection at the component vendor’s facility. 

It Is the function of a vendor’s Quality Control arm to monitor 
the degree of success of that vendor In reducing the num¬ 
ber of faulty components that escape detection. QC does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality Level (AQL) determines the stringency 
of the sampling. As the AQL decreases, it becomes more 
difficult for bad parts to escape detection, thus the quality of 
the shipped parts Increases. 

The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ¬ 
ment. Reliability Is measured by the percentage of parts that 
fall in a given period of time. 

QUALITY IMPROVEMENT 

When purchasing a component or a system, it is expected 
that each item delivered has been thoroughly tested and will 
perform according to data sheet or detailed specifications. 
Additional programs can be implemented to Improve quality. 
To be effective, a program must not only reduce escapes 
but must also be tailored specifically to detect and remove 
the types of residual defects that are predicted by process 
and line monitor control data. The proper analysis and appli¬ 
cation of this data is a primary objective at National. With 
emphasis on “ship-to-stock” programs and the need to 
measure quality levels in ppm’s. National Semiconductor 
has taken a leadership role in an on-going effort to strive for 
“zero defects”. 

In Discretes, the benefits derived as a result of this in¬ 
creased emphasis includes the following: 

• Escapes caused by mishandling are reduced significant¬ 
ly. 


• Residual thermo-mechanical defects not detected during 
normal room temperature testing or high temperature lot 
buy-off are removed. 

• Anomalous high temperature parametric effects that may 
have been created during wafer fabrication or in subse¬ 
quent manufacturing are removed. 

• An AQL of 0.05% or better Is guaranteed. 

RELIABILITY THROUGH DESIGN 

With increased component density in modern electronic 
products has come an increased concern with component 
failures in such products. Virtually all equipment manufactur¬ 
ers thoroughly exercise their products before shipment. This 
is designed to simulate, as closely as possible, field operat¬ 
ing conditions. A high failure rate of discrete components at 
this level can dramatically Increase manufacturing costs. 
The most important factor affecting a component’s reliability 
is its construction; i.e., the materials used and the method 
by which they are fabricated and assembled. 

NATIONAL’S ON-GOING RELIABILITY 
IMPROVEMENT PROGRAM 

Transistor reliability improvement at National Semiconduc¬ 
tor is a continuous program. 

Implementation of a program for field reliability improvement 
requires knowledge of field ambient and electrical environ¬ 
ments and their influence on device performance. Nation¬ 
al’s broad experience in commercial reliability programs has 
led to the development of an extensive in-house reliability 
monitoring program that permits us to monitor device per¬ 
formance under combinations of the following stresses: 

• Thermal 

• Thermo-Mechanical 

• Mechanical 

• Voltage 

• Humidity 

The data generated by these monitors is continually ranked 
and analyzed to determine appropriate corrective action 
necessary for any failure mechanisms noted. Rigorous anal¬ 
ysis of SPG data that is routinely generated at critical stages 
of the fabrication and manufacturing process is integrated 
into the corrective actions loop. This continuous cycle of 
testing, analysis, and corrective action assures the contin¬ 
ued improvement of transistor field reliability. 
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1N447 

1N4449 


1N500 

1N4448 



1N300 

1N482B 


1N448 

1N4449 


1N501 

1N4448 



1N300A 

1N482B 


1N450 

1N4151 


1N502 

1N3070 



1N301 

1N457 


1N451 

1N3070 


1N520B 

1N457 



1N301A 

1N457 


1N452 

1N4448 


1N527 

1N4305 



1N301B 

1N457 


1N453 

1N3070 


1N541 

1N4305 



1N303 

1N458 


1N454 

FDH444 


1N542 

1N4305 



1N303A 

1N484B 


1N456 

1N456 


1N566 

1N3070 



1N303B 

1N484B 


1N456A 

1N456A 


1N567 

1N3070 



1N304 

1N4148 


1N457 

1N457 


1N568 

1N4305 



1N307 

1N4938 


1N457A 

1N457A 


1N569 

1N4305 



1N309 

1N4148 


1N457M 

1N457 


1N571 

FDH444 



1N310 

1N4148 


1N458 

1N458 


1N616 

1N4148 



1N312 

1N4448 


1N458A 

1N458A 


1N617 

1N4148 



1N313 

1N4148 


1N458M 

1N458 


1N618 

1N4148 



1N314 

1N4148 


1N459 

1N459 


1N619 

1N4148 



1N330 

1N456 


1N459A 

1N459A 


1N622 

1N4938 



1N331 

1N458 


1N459M 

1N459 


1N625 

1N625 



1N337 

2N2221 


1N460 

1N4148 


1N625A 

1N4148 



1N350 

1N457 


1N460A 

1N4148 


1N625M 

1N625 



1N351 

1N484B 


1N460B 

1N4448 


1N626 

1N626 



1N352 

1N485B 


1N461 

1N461A 


1N626A 

1N4148 



1N355 

1N4148 


1N461A 

1N461A 


1N626M 

1N626 



1N373 

1N5227A 


1N462 

1N462A 


1N627 

1N627 



1N375 

1N5230A 


1N462A 

1N462A 


1N627A 

1N3070 
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Diode Device Cross Reference (continued)) 




Industry 

NS 


industry 

NS 


industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N628 

1N628 


1N714A 

1N5240B 


1N759A 

1N759A 



1N628A 

1N3070 


1N715 

1N5241A 


1N761 

1N5230A 



1N629 

1N629 


1N715A 

1N5241B 


1N762 

1N5232B 



1N629A 

1N3070 


1N716 

1N5242A 


1N763 

1N5238B 



1N631 

1N4148 


1N716A 

1N5242B 


1N764 

1N5238A 



1N632 

1N4148 


1N717 

1N5243A 


1N765 

1N5240A 



1N633 

1N3070 


1N717A 

1N5243B 


1N766 

1N5243A 



1N634 

1N3070 


1N718 

1N5245A 


1N767 

1N5246A 



1N635 

1N3070 


1N718A 

1N5245B 


1N768 

1N5249A 



1N636 

1N4448 


1N719 

1N5246A 


1N769 

1N5252A 



1N658 

1N658 


1N719A 

1N5246B 


1N770 

1N4305 



1N658A 

1N658 


1N720 

1N5248A 


1N771 

1N4448 



1N659 

1N659 


1N720A 

1N5248B 


1N771A 

FDH444 



1N659A 

1N659 


1N721 

1N5250A 


1N772 

1N4448 



1N660 

1N660 


1N721A 

1N5250B 


1N772A 

FDH444 



1N660A 

1N660 


1N722 

1N5251A 


1N773 

1N4448 



1N661 

1N661 


1N722A 

1N5251B 


1N773A 

FDH444 



1N661A 

1N661 


1N723 

1N5252A 


1N774 

1N4448 



1N664 

1N5237A 


1N723A 

1N5252B 


1N774A 

FDH444 



1N665 

1N5242A 


1N724 

1N5254A 


1N775 

1N4448 



1N666 

1N5245B 


1N724A 

1N5254B 


1N776 

1N4448 



1N667 

1N5248A 


1N725 

1N5256A 


1N777 

1N4448 



1N668 

1N5251A 


1N725A 

1N5256B 


1N778 

1N4148 



1N669 

1N5245A 


1N726 

1N5257A 


1N779 

1N3070 



1N695 

1N4148 


1N726A 

1N5257B 


1N781 

1N4305 



1N695A 

1N4148 


1N746 

1N746A 


1N781A 

1N4305 



1N696 

1N4148 


1N746A 

1N746A 


1N788 

1N4448 



1N698 

1N4305 


1N747 

1N747A 


1N789 

1N4148 



1N699 

1N4448 


1N747A 

1N747A 


1N789M 

1N4148 



1N703 

1N5227A 


1N748 

1N748A 


1N790 

1N4148 



1N703A 

1N5227B 


1N748A 

1N748A 


1N790M 

1N4148 



1N704 

1N5229A 


1N749 

1N749A 


1N791 

1N4448 



1N704A 

1N5229B 


1N749A 

1N749A 


1N791M 

1N4448 



1N705 

1N5230A 


1N750 

1N750A 


1N792 

1N4448 



1N705A 

1N5230B 


1N750A 

1N750A 


1N792M 

1N4448 



1N706 

1N5232A 


1N751 

1N751A 


1N793 

1N4148 



1N706A 

1N5232B 


1N751A 

1N751A 


1N793M 

1N4148 



1N707 

1N5236A 


1N752 

1N752A 


1N794 

1N4148 



1N707A 

1N5236B 


1N752A 

1N752A 


1N795 

1N4448 



1N708 

1N5232A 


1N753 

1N753A 


1N796 

1N4448 



1N708A 

1N5232B 


1N753A 

1N753A 


1N797 

1N3070 



1N709 

1N5234A 


1N754 

1N754A 


1N798 

1N3070 



1N709A 

1N5234B 


1N754A 

1N754A 


1N799 

1N3070 



1N710 

1N5235A 


1N755 

1N755A 


1N800 

1N3070 



1N710A 

1N5235B 


1N755A 

1N755A 


1N801 

1N3070 



1N711 

1N5236A 


1N756 

1N756A 


1N802 

1N3070 



1N711A 

1N5236B 


1N756A 

1N756A 


1N803 

1N3070 



1N712 

1N5237A 


1N757 

1N757A 


1N804 

1N3070 



1N712A 

1N5237B 


1N757A 

1N757A 


1N805 

1N4148 



1N713 

1N5239A 


1N758 

1N758A 


1N806 

1N4148 



1N713A 

1N5239B 


1N758A 

1N758A 


1N807 

1N3070 



1N714 

1N5240A 


1N759 

1N759A 


1N808 

1N4448 
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Diode Device Cross Reference 



Diode Device Cross Reference 


Diode Device Cross Reference (continued)) 




Industry 

NS 


Industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N809 

1N3070 


1N906A 

1N4447 


1N960A 

1N960A 



1N810 

1N4148 


1N906AM 

1N4447 


1N960B 

1N960B 



1N811 

1N4148 


1N906M 

1N4447 


1N961 

1N961 



1N811M 

1N4148 


1N907 

1N4149 


1N961A 

1N961A 



1N812 

1N4149 


1N907A 

1N4448 


1N961B 

1N961B 



1N812M 

1N4149 


1N907AM 

1N4447 


1N962 

1N962 



1N813 

1N4148 


1N907M 

1N4149 


1N962A 

1N962A 



1N813M 

1N4148 


1N908 

1N4149 


1N962B 

1N962B 



1N814 

1N4148 


1N908A 

1N4447 


1N963 

1N963 



1N814M 

1N4148 


1N908AM 

1N4447 


1N963A 

1N963A 



1N815 

1N4448 


1N908M 

1N4149 


1N963B 

1N963B 



1N815M 

1N4448 


1N909 

1N4449 


1N964 

1N964 



1N817 

1N3070 


1N910 

1N4449 


1N964A 

1N964A 



1N818 

1N4148 


1N911 

1N4449 


1N964B 

1N964B 



1N818A 

1N4148 


1N914 

1N914 


1N965 

1N965 



1N835 

1N4305 


1N914A 

1N914A 


1N965A 

1N965A 



1N837 

FDH444 


1N914B 

1N914B 


1N965B 

1N965B 



1N837A 

FDH444 


1N914M 

1N914 


1N966 

1N966 



1N838 

1N3070 


1N915 

1N914B 


1N966A 

1N966A 



1N839 

1N3070 


1N916 

1N916 


1N966B 

1N966B 



1N840 

FDH444 


1N916A 

1N916A 


1N967 

1N967 



1N840M 

1N3070 


1N916B 

1N916B 


1N967A 

1N967A 



1N841 

1N3070 


1N918 

1N914 


1N967B 

1N967B 



1N842 

1N3070 


1N919 

1N3070 


1N968 

1N968 



1N843 

1N3070 


1N920 

FDH400 


1N968A 

1N968A 



1N844 

1N3070 


1N921 

FDH400 


1N968B 

1N968B 



1N845 

1N3070 


1N922 

FDH400 


1N969 

1N969 



1N890 

1N4447 


1N923 

FDH400 


1N969A 

1N969A 



1N891 

1N4448 


1N924 

1N483B 


1N969B 

1N969B 



1N892 

1N4448 


1N925 

1N4148 


1N970 

1N970 



1N893 

1N3070 


1N926 

1N4148 


1N970A 

1N970A 



1N897 

1N4148 


1N927 

1N4148 


1N970B 

1N970B 



1N898 

1N4448 


1N928 

1N3070 


1N971 

1N971 



1N899 

1N3070 


1N930 

1N4446 


1N971A 

1N971A 



1N900 

1N3070 


1N931 

1N3070 


1N971B 

1N971B 



1N901 

1N3070 


1N932 

1N3070 


1N972 

1N972 



1N902 

1N3070 


1N933 

1N3070 


1N972A 

1N972A 



1N903 

1N4148 


1N934 

1N3070 


1N972B 

1N972B 



1N903A 

1N4154 


1N948 

1N4448 


1N973 

1N973 



1N903AM 

1N4154 


1N949 

1N4305 


1N973A 

1N973A 



1N903M 

1N4154 


1N957 

1N957 


1N973B 

1N973B 



1N904 

1N4154 


1N957A 

1N957A 


1N993 

1N4447 



1N904A 

1N4154 


1N967B 

1N857B 


1N994 

1N4151 



1N904AM 

1N4154 


1N958 

1N958 


1N995 

1N4305 



1N904M 

1N4154 


1N958A 

1N958A 


1N997 

1N4148 



1N905 

1N4151 


1N958B 

1N958B 


1N998 

1N484B 



1N905A 

1N4154 


1N959 

1N959 


1N999 

1N914 



1N905AM 

1N4154 


1N959A 

1N959A 


INI 093 

FDH999 



1N905M 

1N4154 


1N959B 

1N959B 


1N1170 

1N4148 



1N906 

1N4149 


1N960 

1N960 


INI 374 

1N5229A 









1-6 




Diode Device Cross Reference (continued)) 




Industry 

NS 


Industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



INI 507 

1N4730 


1N1767A 

1N4736A 


1N1954 

1N5228A 



1N1507A 

1N4730A 


1N1768 

1N4737 


1N1955 

1N5230A 



INI 508 

1N4732 


1N1768A 

1N4737A 


1N1956 

1N5232A 



INI 508A 

1N4732A 


1N1769 

1N4738 


INI 957 

1N5235A 



INI 509 

1N4734 


1N1769A 

1N4738A 


1N1958 

1N5237A 



INI509A 

1N4734A 


INI770 

1N4739 


1N1959 

1N5240A 



1N1510 

1N4736 


1N1770A 

1N4739A 


1N1960 

1N5242A 



1N1510A 

1N4736A 


1N1771 

1N4740 


1N1961 

1N5245A 



1N1511 

1N4738 


1N1771A 

1N4740A 


1N1962 

1N5248A 



1N1511A 

1N4738A 


INI772 

1N4741 


1N1963 

1N5251A 



1N1512 

1N4740 


1N1772A 

1N4741A 


1N1981 

1N5228A 



1N1512A 

1N4740A 


INI773 

1N4742 


1N1982 

1N5230A 



1N1513 

1N4742 


INI773A 

1N4742A 


INI 983 

1N5232A 



1N1513A 

1N4742A 


INI775 

1N4744 


1N1984 

1N5235A 



1N1514 

1N4744 


1N1775A 

1N4744A 


1N1985 

1N5237A 



1N1514A 

1N4744A 


1N1776 

1N4745 


1N1986 

1N5240A 



1N1515 

1N4746 


1N1776A 

1N4745A 


1N1987 

1N5242A 



1N1515A 

1N4646A 


1N1777 

1N4746 


INI988 

1N5245A 



1N1516 

1N4748 


INI777A 

1N4746A 


1N1989 

1N5248A 



1N1516A 

1N4748A 


1N1778 

1N4747 


INI990 

1N5251A 



1N1517 

1N4750 


1N1778A 

1N4747A 


1N2032 

1N4732 



1N1517A 

1N4750A 


1N1779 

1N4748 


1N2033 

1N4734 



1N1518 

1N4730 


INI779A 

1N4748A 


1N2034 

1N4736 



1N1518A 

1N4730A 


1N1780 

1N4749 


1N2035 

1N4739 



1N1519 

1N4732 


1N1780A 

1N4749A 


1N2036 

1N4740 



1N1519A 

1N4732A 


1N1781 

1N4750 


1N2037 

1N4743 



INI520 

1N4734 


1N1781A 

1N4750A 


1N2038 

1N4745 



INI520A 

1N4734A 


INI782 

1N4751 


1N2039 

1N4747 



1N1521A 

1N4736A 


1N1782A 

1N4751A 


1N2040 

1N4749 



INI522 

1N4738 


1N1783 

1N4752 


1N2146 

FDH400 



1N1522A 

1N4738A 


1N1783A 

1N4752A 


1N2629 

1N4305 



INI 523 

1N4740 


1N1839 

2N2218 


1N3016 

1N4736 



1N1523A 

1N4740A 


1N1875 

1N4738 


1N3016A 

1N4736A 



INI524 

1N4742 


INI876 

1N4740 


1N3016B 

1N4736B 



1N1524A 

1N4742A 


1N1877 

1N4742 


1N3017 

1N4737 



INI525 

1N4744 


1N1878 

1N4744 


1N3017A 

1N4737A 



INI525A 

1N4744A 


1N1879 

1N4746 


1N3017B 

1N4737B 



INI526 

1N4746 


1N1880 

1N4748 


1N3018 

1N4738 



1N1526A 

1N4746A 


1N1881 

1N4750 


1N3018A 

1N4738 



1N1527A 

1N4748A 


1N1882 

1N4752 


1N3018B 

1N4738A 



INI528 

1N4750 


INI927 

1N5228A 


1N3019 

1N4739 



INI528A 

1N4750A 


INI928 

1N5230A 


1N3019A 

1N4739 



INI 561 

1N4305 


INI929 

1N5232A 


1N3019B 

1N4739A 



INI562 

1N4305 


INI930 

1N5235A 


1N3020 

1N4740 



INI744 

1N4740 


1N1931 

1N5237A 


1N3020A 

1N4740 



INI744A 

1N4743A 


INI932 

1N5240A 


1N3020B 

1N4740A 



1N1765A 

1N4734A 


1N1933 

1N5242A 


1N3021 

1N4741 



INI766 

1N4735 


INI934 

1N5245A 


1N3021A 

1N4741 



1N1766A 

1N4735A 


INI935 

1N5248A 


1N3021B 

1N4741A 



INI767 

1N4736 


INI936 

1N5251A 


1N3022 

1N4742 
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Diode Device Cross Reference 




Diode Device Cross Reference 


Diode Device Cross Reference (continued)) 




Industry 

NS 


industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N3022A 

1N4742 


1N3145 

1N4305 


1N3605 

1N4152 



1N3022B 

1N4742A 


1N3146 

1N4154 


1N3606 

1N4163 



1N3023 

1N4743 


1N3147 

1N4448 


1N3607 

1N4151 



1N3023A 

1N4743 


1N3160 

1N4305 


1N3608 

1N4152 



1N3023B 

1N4743A 


1N3179 

1N3070 


1N3609 

1N4153 



1N3024 

1N4744 


1N3180 

1N3070 


1N3625 

1N3070 



1N3024A 

1N4744 


1N3181 

1N5237A 


1N3638B 

1N4744A 



1N3024B 

1N4744A 


1N3197 

1N4148 


1N3653 

FDH400 



1N3025 

1N4745 


1N3203 

1N4305 


1N3654 

1N4448 



1N3025A 

1N4745 


1N3204 

1N4305 


1N3666 

1N4305 



1N3025B 

1N4745A 


1N3206 

1N4148 


1N3668 

1N4305 



1N3026 

1N4746 


1N3215 

1N4152 


1N3675 

1N4736 



1N3026A 

1N4746 


1N3223 

1N3070 


1N3675A 

1N4736 



1N3026B 

1N4746A 


1N3225 

1N4148 


1N3675B 

1N4736A 



1N3027 

1N4747 


1N3257 

1N4449 


1N3676 

1N4737 



1N3027A 

1N4747 


1N3258 

1N4448 


1N3676A 

1N4737 



1N3027B 

1N4747A 


1N3298 

FDH400 


1N3676B 

1N4737A 



1N3028 

1N4748 


1N3298A 

FDH400 


1N3677 

1N4738 



1N3028A 

1N4748 


1N3465 

FDH444 


1N3677A 

1N4738 



1N3028B 

1N4748A 


1N3266 

FDH444 


1N3677B 

1N4738A 



1N3029 

1N4749 


1N3467 

1N4446 


1N3678 

1N4739 



1N3029A 

1N4749 


1N3468 

1N4446 


1N3678A 

1N4739 



1N3029B 

1N4749A 


1N3469 

FDH400 


1N3678B 

1N4739A 



1N3030 

1N4750 


1N3470 

FDH400 


1N3679 

1N4740 



1N3030A 

1N4750 


1N3471 

1N4148 


1N3679A 

1N4740 



1N3030B 

1N4750A 


1N3483 

1N4305 


1N3679B 

1N4740A 



1N3031 

1N4751 


1N3484 

1N4305 


1N3680 

1N4741 



1N3031A 

1N4751 


1N3485 

1N3070 


1N3680A 

1N4741 



1N3031B 

1N4751A 


1N3536 

1N3070 


1N3680B 

1N4741A 



1N3032 

1N4752 


1N3536 

1N457 


1N3681 

1N4742 



1N3032A 

1N4752 


1N3550 

1N3070 


1N3681A 

1N4742 



1N3032B 

1N4752A 


1N3559 

FDH444 


1N3681B 

1N4742A 



1N3062 

1N4305 


1N3564 

1N4448 


1N3682 

1N4743 



1N3063 

1N4306 


1N3567 

1N4448 


1N3682A 

1N4743 



1N3064 

1N3064 


1N3568 

1N4449 


1N3682B 

1N4743A 



1N3065 

1N4306 


1N3575 

1N483B 


1N3683 

1N4744 



1N3066 

1N4305 


1N3576 

1N484B 


1N3683A 

1N4744 



1N3067 

1N4148 


1N3592 

1N4305 


1N3684 

1N4745 



1N3068 

1N4148 


1N3593 

1N4148 


1N3684A 

1N4745 



1N3069 

1N4148 


1N3594 

FDH600 


1N3684B 

1N4745A 



1N3070 

1N3070 


1N3595 

1N3595 


1N3685 

1N4746 



1N3071 

1N3070 


1N3596 

1N4449 


1N3685A 

1N4746 



1N3097 

1N4305 


1N3597 

1N3070 


1N3685B 

1N4746A 



1N3110 

1N4305 


1N3598 

1N4152 


1N3686 

1N4747 



1N3121 

1N4305 


1N3599 

1N4938 


1N3686A 

1N4747 



1N3122 

1N4305 


1N3600 

1N3600 


1N3686B 

1N4747A 



1N3123 

1N4305 


1N3601 

1N4149 


1N3687 

1N4748 



1N3124 

1N4151 


1N3602 

1N4151 


1N3687A 

1N4748 



1N3125 

1N4305 


1N3603 

1N4151 


1N3687B 

1N4748A 



1N3144 

1N4305 


1N3604 

1N4151 


1N3688 

1N4749 
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Diode Device Cross Reference (continued)) 




Industry 

NS 


Industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N3688A 

1N4749 


1N4088 

1N4148 


1N4172B 

1N4750A 



1N3689 

1N4750 


1N4147 

1N914 


1N4173 

1N4751 



1N3689A 

1N4750 


1N4147A 

1N4752 


1N4173A 

1N4751 



1N3689B 

1N4750A 


1N4147B 

1N4752A 


1N4173B 

1N4751A 



1N3690 

1N4751 


1N4148 

1N4148 


1N4242 

FDH900 



1N3690A 

1N4751 


1N4149 

1N4149 


1N4243 

FDH900 



1N3690B 

1N4751A 


1N4150 

1N4150 


1N4244 

1N4244 



1N3691 

1N4752 


1N4151 

1N4151 


1N4254 

1N4305 



1N3691A 

1N4752 


1N4152 

1N4152 


1N4305 

1N4305 



1N3691B 

1N4752A 


1N4153 

1N4153 


1N4306 

1N4306 



1N3722 

1N4148 


1N4154 

1N4154 


1N4307 

1N4307 



1N3731 

1N4153 


1N4158 

1N4736 


1N4308 

1N4150 



1N3753 

1N4148 


1N4158A 

1N4736 


1N4309 

FDH400 



1N3769 

1N4305 


1N4158B 

1N4736A 


1N4310 

FDH400 



1N3773 

1N4305 


1N4159 

1N4737 


1N4312 

FDH444 



1N3821 

1N4728 


1N4161 

1N4739 


1N4313 

1N4151 



1N3821A 

1N4728A 


1N4161A 

1N4739 


1N4314 

1N4150 



1N3822 

1N4729 


1N4161B 

1N4739A 


1N4315 

FDH400 



1N3722A 

1N4729A 


1N4162 

1N4740 


1N4316 

FDH400 



1N3823 

1N4730 


1N4162A 

1N4740 


1N4318 

FDH444 



1N3823A 

1N4730A 


1N4162B 

1N4740A 


1N4319 

1N4151 



1N3824 

1N4731 


1N4163 

1N4741 


1N4322 

1N4150 



1N3824A 

1N4731A 


1N4163A 

1N4741 


1N4323 

1N4736 



1N3825 

1N4732 


1N4163B 

1N4741A 


1N4323B 

1N4736A 



1N3825A 

1N4732A 


1N4164 

1N4742 


1N4324 

1N4737 



1N3826 

1N4733 


1N4164A 

1N4742 


1N4324A 

1N4737 



1N3826A 

1N4733A 


1N4164B 

1N4742A 


1N4324B 

1N4737A 



1N3827 

1N4734 


1N4165 

1N4743 


1N4325 

1N4738 



1N3827A 

1N4734A 


1N4165A 

1N4743 


1N4325A 

1N4738 



1N3828 

1N4735 


1N4165B 

1N4743A 


1N4325B 

1N4738A 



1N3828A 

1N4735A 


1N4166 

1N4744 1 


1N4326 

1N4739 



1N3929 

1N4736 


1N4166A 

1N4744 


1N4326A 

1N4739 



1N3829A 

1N4736A 


1N4166B 

1N4744A 


1N4326B 

1N4739A 



1N3830 

1N4737 


1N4167 

1N4745 


1N4327 

1N4740 



1N3830A 

1N4737A 


1N4167A 

1N4745 


1N4327A 

1N4740 



1N3864 

1N458 


1N4167B 

1N4745A 


1N4327B 

1N4740A 



1N3865 

1N4148 


1N4168 

1N4746 


1N4328 

1N4741 



1N3872 

FDH444 


1N4168A 

1N4746 


1N4328A 

1N4741 



1N3873 

FDH444 


1N4166B 

1N4746A 


1N4328B 

1N4741A 



1N3944 

1N4305 


1N4169 

1N4747 


1N4329 

1N4742 



1N3952 

1N3070 


1N4169A 

1N4747 


1N4329A 

1N4742 



1N3953 

1N4148 


1N4169B 

1N4747A 


1N4329B 

1N4742A 



1N3954 

1N4150 


1N4170 

1N4748 


1N4330 

1N4743 



1N3956 

1N4305 


1N4170A 

1N4748 


1N4330A 

1N4743 



1N3991 

1N4305 


1N4170B 

1N4748A 


1N4330B 

1N4743A 



1N4008 

1N4305 


1N4171 

1N4749 


1N4331 

1N4744 



1N4009 

1N4009 


1N4171A 

1N4749 


1N4331A 

1N4744 



1N4043 

1N4154 


1N4171B 

1N4749A 


1N4331B 

1N4744A 



1N4086 

FDH444 


1N4172 

1N4750 


1N4332 

1N4745 



1N4087 

FDH900 


1N4172A 

1N4750 


1N4332A 

1N4745 









1-9 


Diode Device Cross Reference 




Diode Device Cross Reference 


Diode Device Cross Reference (continued)) 




Industry 

NS 

■ 



■ 



I 


Device 

Device 

■ 



■ 



■ 


1N4332B 

1N4745A 


1N4443 

1N4148 


1N4658 

1N4737A 



1N4333 

1N4746 


1N4445 

1N4151 


1N4659 

1N4738A 



1N4333A 

1N4746 


1N4446 

1N4446 


1N4660 

1N4739A 



1N4333B 

1N4746A 


1N4447 

1N4447 


1N4661 

1N4740A 



1N4334 

1N4747 


1N4448 

1N4448 


1N4662 

1N4741A 



1N4334A 

1N4747 


1N4449 

1N4449 


1N4663 

1N4742A 



1N4334B 

1N4747A 


1N4450 

1N4450 


1N4664 

1N4743A 



1N4335 

1N4748 


1N4451 

1N4151 


1N4665 

1N4744A 



1N4335A 

1N4748 


1N4453 

1N4448 


1N4666 

1N4745A 



1N4335B 

1N4748A 


1N4454 

1N4454 


1N4667 

1N4746A 



1N4336 

1N4749 


1N4455 

1N4305 


1N4668 

1N4747A 



1N4336A 

1N4749 


1N4456 

1N4150 


1N4669 

1N4748A 



1N4336B 

1N4749A 


1N4457 

1N4150 


1N4670 

1N4749A 



1N4337 

1N4750 


1N4502 

1N4305 


1N4671 

1N4750A 



1N4337A 

1N4750 


1N4523 

1N4305 


1N4672 

1N4751A 



1N4337B 

1N4750A 


1N4531 

1N4148 


1N4673 

1N4752A 



1N4338 

1N4751 


1N4532 

FDH600 


1N4728 

1N4728 



1N4338A 

1N4751 


1N4533 

1N4152 


1N4728A 

1N4728A 



1N4338B 

1N4751A 


1N4534 

1N4153 


1N4729 

1N4729 



1N4339 

1N4752 


1N4536 

1N4154 


1N4729A 

1N4729A 



1N4339A 

1N4752 


1N4547 

1N4151 


1N4730 

1N4730 



1N4339B 

1N4752A 


1N4548 

1N4154 


1N4730A 

1N4730A 



1N4362 

1N484B 


1N4608 

FDH400 


1N4731 

1N4731 



1N4363 

1N3070 


1N4610 

1N4150 


1N4731A 

1N4731A 



1N4373 

1N4148 


1N4628 

1N4736A 


1N4732 

1N4732 



1N4375 

1N4153 


1N4629 

1N4737A 


1N4732A 

1N4732A 



1N4376 

1N4376 


1N4630 

1N4738A 


1N4733 

1N4733 



1N4389 

1N4148 


1N4631 

1N4739A 


1N4733A 

1N4733A 



1N4390 

FD700 


1N4632 

1N4740A 


1N4734 

1N4734 



1N4391 

FD700 


1N4633 

1N4741A 


1N4734A 

1N4734A 



1N4392 

FD700 


1N4634 

1N4742A 


1N4735 

1N4735 



1N4400 

1N4736 


1N4635 

1N4743A 


1N4735A 

1N4735A 



1N4401 

1N4737 


1N4636 

1N4744A 


1N4736 

1N4736 



1N4402 

1N4738 


1N4637 

1N4745A 


1N4736A 

1N4736A 



1N4403 

1N4739 


1N4638 

1N4746A 


1N4737 

1N4737 



1N4404 

1N4740 


1N4639 

1N4747A 


1N4737A 

1N4737A 



1N4405 

1N4741 


1N4640 

1N4748A 


1N4738 

1N4738 



1N4406 

1N4742 


1N4641 

1N4749A 


1N4738A 

1N4738A 



1N4407 

1N4743 


1N4642 

1N4750A 


1N4739 

1N4739 



1N4408 

1N4744 


1N4643 

1N4751A 


1N4739A 

1N4739A 



1N4409 

1N4745 


1N4644 

1N4752A 


1N4740 

1N4740 



1N4410 

1N4746 


1N4649 

1N4728A 


1N4740A 

1N4740A 



1N4411 

1N4747 


1N4650 

1N4729A 


1N4741 

1N4741 



1N4412 

1N4748 


1N4651 

1N4730A 


1N4741A 

1N4741A 



1N4413 

1N4749 


1N4652 

1N4731A 


1N4742 

1N4742 



1N4414 

1N4750 


1N4653 

1N4732A 


1N4742A 

1N4742A 



1N4415 

1N4751 


1N4654 

1N4733A 


1N4743 

1N4743 



1N4416 

1N4752 


1N4655 

1N4734A 


1N4743A 

1N4743A 



1N4424A 

1N4736 


1N4656 

1N4735A 


1N4744 

1N4744 



1N4442 

FDH999 


1N4657 

1N4736A 


1N4744A 

1N4744A 
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Diode Device Cross Reference (continued)) 




Industry 

NS 


Industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N4745 

1N4745 


1N5231B 

1N5231B 


1N5248B 

1N5248B 



1N4745A 

1N4745A 


1N5232 

1N5232 


1N5249 

1N5249 



1N4746 

1N4746 


1N5232A 

1N5232A 


1N5249A 

1N5249A 



1N4746A 

1N4746A 


1N5232B 

1N5232B 


1N5249B 

1N5249B 



1N4747 

1N4747 


1N5233 

1N5233 


1N5250 

1N5250 



1N4747A 

1N4747A 


1N5233B 

1N5233B 


1N5250A 

1N5250A 



1N4748 

1N4748 


1N5234 

1N5234 


1N5250B 

1N5250B 



1N4748A 

1N4748A 


1N5234A 

1N5234A 


1N5251 

1N5251 



1N4749 

1N4749 


1N5234B 

1N5234B 


1N5251A 

1N5251A 



1N4749A 

1N4749A 


1N5235 

1N5235 


1N5251B 

1N5251B 



1N4750 

1N4750 


1N5235A 

1N5235A 


1N5252 

1N5252 



1N4750A 

1N4750A 


1N5235B 

1N5235B 


1N5252A 

1N5252A 



1N4751 

1N4751 


1N5236 

1N5236 


1N5252B 

1N5252B 



1N4751A 

1N4751A 


1N5236A 

1N5236A 


1N5253 

1N5253 



1N4827 

1N4448 


1N5236B 

1N5236B 


1N5253A 

1N5253A 



1N4828 

FDH444 


1N5237 

1N5237 


1N5253B 

1N5253B 



1N4829 

FDH444 


1N5237A 

1N5237A 


1N5254 

1N5254 



1N4830 

FDH444 


1N5237B 

1N5237B 


1N5254A 

1N5254A 



1N4861 

1N457 


1N5238 

1N5238 


1N5254B 

1N5254B 



1N4862 

1N457 


1N5238A 

1N5238A 


1N5255 

1N5255 



1N4863 

1N4148 


1N5238B 

1N5238B 


1N5255A 

1N5255A 



1N4864 

1N4151 


1N5239 

1N5239 


1N5255B 

1N5255B 



1N4888 

FD777 


1N5239A 

1N5239A 


1N5256 

1N5256 



1N4938 

1N3070 


1N5239B 

1N5239B 


1N5256A 

1N5256A 



1N4949 

FD777 


1N5240 

1N5240 


1N5256B 

1N5256B 



1N4950 

1N4150 


1N5240A 

1N5240A 


1N5257 

1N5257 



1N4953 

FD777 


1N5240B 

1N5240B 


1N5257A 

1N5257A 



1N5194 

1N483B 


1N6241 

1N5241 


1N5257B 

1N5257B 



1N5195 

1N485B 


1N5241A 

1N5241A 


1N5282 

1N5282 



1N5209 

1N458 


1N6241B 

1N5241B 


1N5315 

1N4153 



1N5210 

1N459 


1N5242 

1N5242 


1N5316 

1N4153 



1N5219 

FDH900 


1N5242A 

1N5242A 


1N5317 

1N4150 



1N5220 

FDH900 


1N5242B 

1N5242B 


1N5318 

1N4150 



1N5226 

1N5226 


1N5243 

1N5243 


1N5319 

1N4306 



1N5226A 

1N5226A 


1N5243A 

1N5243A 


1N5412 

1N4305 



1N5226B 

1N5226B 


1N5243B 

1N5243B 


1N5413 

1N4305 



1N5227 

1N5227 


1N5244 

1N5244 


1N5414 

1N4305 



1N5227A 

1N5227A 


1N5244A 

1N5244A 


1N5427 

1N4148 



1N5227B 

1N5227B 


1N5244B 

1N5244B 


1N5428 

1N3070 



1N5228 

1N5228 


1N5245 

1N5245 


1N5249 

1N485B 



1N5228A 

1N5228A 


1N5245A 

1N5245A 


1N5430 

FDH400 



1N5228B 

1N5228B 


1N5245B 

1N5245B 


1N5431 

FDH400 



1N5229 

1N5229 


1N5246 

1N5246 


1N5432 

FD777 



1N5229A 

1N5229A 


1N5246A 

1N5246A 


1N5559 

1N4736 



1N5229B 

1N5229B 


1N5246B 

1N5246B 


1N5559A 

1N4736 



1N5230 

1N5230 


1N5247 

1N5247 


1N5559B 

1N4736A 



1N5230A 

1N5230A 


1N5247A 

1N5247A 


1N5560 

1N4737 



1N5230B 

1N5230B 


1N5247B 

1N5247B 


1N5561 

1N4738 



1N5231 

1N5231 


1N5248 

1N5248 


1N5561A 

1N4738 



1N5231A 

1N5231A 


1N5248A 

1N5248A 


1N5561B 

1N4738A 
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Diode Device Cross Reference 



Diode Device Cross Reference 


Diode Device Cross Reference (continued)) 




Industry 

NS 


industry 

NS 


industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N5562 

1N4739 


1N5712 

1N4446 


1N5925 

1N4740 



1N5562A 

1N4739 


1N5713 

1N4446 


1N5925A 

1N4740 



1N5562B 

1N4739A 


1N5719 

1N484 


1N5925B 

1N4740A 



1N5563 

1N4740 


1N5720 

1N4448 


1N5926 

1N4741 



1N5563A 

1N4740 


1N5721 

1N4448 


1N5926A 

1N4741 



1N5563B 

1N4740A 


1N5726 

FDH400 


1N5926B 

1N4741A 



1N5564 

1N4741 


1N5767 

1N4448 


1N5927 

1N4742 



1N5564A 

1N4741 


1N5768 

1N5768 


1N5927A 

1N4742 



1N5564B 

1N4741A 


1N5769 

FSA2002M 


1N5927B 

1N4742A 



1N5565 

1N4742 


1N5770 

1N5770 


1N5928 

1N4743 



1N5565A 

1N4742 


1N5771 

FSA2003M 


1N5928A 

1N4743 



1N5565B 

1N4742A 


1N5772 

1N5772 


1N5928B 

1N4743A 



1N5566 

1N4743 


1N5773 

FSA2500M 


1N5929 

1N4744 



1N5566A 

1N4743 


1N5774 

1N5774 


1N5929A 

1N4744 



1N5566B 

1N4743A 


1N5775 

FSA2504M 


1N5929B 

1N4744A 



1N5567 

1N4744 


1N5913 

1N4728 


1N5930 

1N4745 



1N5567A 

1N4744 


1N5913A 

1N4728 


1N5930A 

1N4745 



1N5567B 

1N4744A 


1N5914 

1N4729 


1N5930B 

1N4745A 



1N5568 

1N4745 


1N5914A 

1N4729 


1N5931 

1N4746 



1N5568A 

1N4745 


1N5914B 

1N4729A 


1N5931A 

1N4746 



1N5568B 

1N4745A 


1N5915 

1N4730 


1N5931B 

1N4728A 



1N5569 

1N4746 


1N5915A 

1N4730 


1N5932 

1N4747 



1N5569A 

1N4746 


1N5915B 

1N4730A 


1N5932A 

1N4747 



1N5569B 

1N4746A 


1N5916 

1N4731 


1N5932B 

1N4747A 



1N5570 

1N4747 


1N5916A 

1N4731 


1N5933 

1N4748 



1N5570A 

1N4747 


1N5916B 

1N4731A 


1N5933A 

1N4748 



1N5570B 

1N4747A 


1N5917 

1N4732 


1N5933B 

1N4748A 



1N5571 

1N4748 


1N5917A 

1N4732 


1N5934 

1N4749 



1N5571A 

1N4748 


1N5917B 

1N4732A 


1N5934A 

1N4749 



1N5571B 

1N4748A 


1N5918 

1N4733 


1N5934B 

1N4749A 



1N5572 

1N4749 


1N5918A 

1N4733 


1N5935 

1N4750 



1N5572A 

1N4749 


1N5918B 

1N4733A 


1N5935A 

1N4750 



1N5572B 

1N4749A 


1N5919 

1N4734 


1N5935B 

1N4750A 



1N5573 

1N4750 


1N5919A 

1N4734 


1N5936 

1N4751 



1N5573A 

1N4750 


1N5919B 

1N4734A 


1N5936A 

1N4751 



1N5573B 

1N4750A 


1N5920 

1N4735 


1N5936B 

1N4751A 



1N5574 

1N4751 


1N5920A 

1N4735 


1N5937 

1N4752 



1N5574A 

1N4751 


1N5920B 

1N4735A 


1N5937A 

1N4752 



1N5574B 

1N4751A 


1N5921 

1N4736 


1N5937B 

1N4752A 



1N5575 

1N4752 


1N5921A 

1N4736 


1N5988 

1N5226 



1N5575A 

1N4752 


1N5921B 

1N4736A 


1N5988A 

1N5226A 



1N5575B 

1N4752A 


1N5922 

1N4737 


1N5989 

1N5227 



1N5605 

1N467 


1N5922A 

1N4737 


1N5989A 

1N5227A 



1N5606 

1N458 


1N5922B 

1N4737A 


1N5989B 

1N5227B 



1N5607 

1N3070 


1N5923 

1N4738 


1N5990A 

1N5228A 



1N5608 

1N3070 


1N5923A 

1N4738 


1N5990B 

1N5228B 



1N5609 

1N3070 


1N5923B 

1N4738A 


1N5991 

1N5229 



1N5660A 

1N4737 


1N5924 

1N4739 


1N5991A 

1N5229A 



1N5660B 

1N4737A 


1N5924A 

1N4739 


1N5991B 

1N5229B 



1N5711 

1N4446 


1N5924B 

1N4739A 


1N5992 

1N5230 
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Diode Device Cross Reference (continued)) 




Industry 

NS 


Industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



1N5992A 

1N5230A 


1N6008B 

1N5251B 


BA217 

BA217 



1N5992B 

1N5230B 


1N6009 

1N5252 


BA218 

BA218 



1N5993 

1N5231 


1N6009A 

1N5252A 


BA316 

BA316 



1N5993A 

1N5231A 


1N6009B 

1N5252B 


BA317 

BA317 



1N5993B 

1N5231B 


1N6010 

1N5254 


BA318 

BA318 



1N5994 

1N5232 


1N6010A 

1N5254A 


BAS13 

FDH400 



1N5994A 

1N5232A 


1N6010B 

1N5254B 


BAS19 

BAS19 



1N5994B 

1N5232B 


1N6011 

1N5256 


BAS20 

BAS20 



1N5995 

1N5234 


1N6011A 

1N5256A 


BAS21 

BAS21 



1N5995A 

1N5234A 


1N6011B 

1N5256B 


BAS36 

FA2320E 



1N5995B 

1N5234B 


1N6012 

1N5257 


BAS45 

BAS45 



1N5996 

1N5235 


1N6012A 

1N5257A 


BAV17 

BAV17 



1N5996A 

1N5235A 


1N6012B 

1N5257B 


BAV18 

BAV18 



1N5996B 

1N5235B 


1N6099 

1N6099 


BAV19 

BAV19 



1N5997 

1N5236 


1N6100 

1N6100 


BAV20 

BAV20 



1N5997A 

1N5236A 


1N6101 

1N6101 


BAV21 

BAV21 



1N5997B 

1N5236B 


1N6496 

1N6496 


BAV24 

BAY74 



1N5998 

1N5237 


1S44 

1S44 


BAV50 

FSA2510M 



1N5998A 

1N5237A 


1S920 

1S920 


BAV68 

BAY72 



1N5998B 

1N5226B 


1S921 

1S921 


BAV69 

FDH400 



1N5998B 

1N5237B 


1S922 

1S922 


BAW10 

BAY74 



1N5999 

1N5239 


1S923 

1S923 


BAW11 

BAY72 



1N5999A 

1N5239A 


AA112 

FDH999 


BAW12 

FDH444 



1N5999B 

1N5239B 


AA113 

BA128 


BAW16 

FDH300 



1N6000 

1N5240 


AA114 

BA130 


BAW17 

FDH300 



1N6000A 

1N5240A 


AA116 

BA130 


BAW18 

FDH300 



1N6000B 

1N5240B 


AA129 

BA130 


BAW24 

BAY74 



1N6001 

1N5241 


AA131 

FDH900 


BAW25 

FDH600 



1N6001A 

1N5241A 


AA137 

BA130 


BAW26 

FDH600 



1N6001B 

1N5241B 


AA138 

BA130 


BAW33 

BAY72 



1N6002 

1N5242 


AA139 

BA129 


BAW43 

BAY73 



1N6002A 

1N5242A 


AAY10 

BA130 


BAW45 

BAY71 



1N6002B 

1N5242B 


AAY48 

BA130 


BAW46 

BAY72 



1N6003 

1N5243 


AAZ13 

BA130 


BAW47 

BAY72 



1N6003A 

1N5243A 


AAZ18 

BA130 


BAW48 

BAY71 



1N6003B 

1N5243B 


BA127 

BA128 


BAW49 

BAY73 



1N6004 

1N5245 


BA128 

BA128 


BAW50 

FDH400 



1N6004A 

1N5245A 


BA130 

BA130 


BAW51 

BAY72 



1N6004B 

1N5245B 


BA136 

BA128 


BAW52 

FDH400 



1N6005 

1N5246 


BA152 

FDH900 


BAW53 

BAY74 



1N6005A 

1N5246A 


BA154 

FDH900 


BAW54 

BAY74 



1N6005B 

1N5246B 


BA165 

FDH900 


BAW55 

BAY72 



1N6006 

1N5248 


BA166 

BA130 


BAW62 

BAW62 



1N6006A 

1N5248A 


BA167 

BA130 


BAW75 

BAW75 



1N6006B 

1N5248B 


BA192 

FDH400 


BAW76 

BAW76 



1N6007 

1N5250 


BA193 

FDH400 


BAW77 

BAY72 



1N6007A 

1N5250A 


BA194 

FDH400 


BAX12 

BAY74 



1N6007B 

1N5250B 


BA197 

FDH400 


BAX13 

BAX13 



1N6008 

1N5251 


BA198 

FDH400 


BAX15 

FDH400 



1N6008A 

1N5251A 


BA200 

BA218 


BAX16 

BAX16 
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Diode Device Cross Reference 



Diode Device Cross Reference 


Diode Device Cross Reference (continued)) 




Industry 

NS 


Industry 

NS 


Industry 

NS 



Device 

Device 


Device 

Device 


Device 

Device 



BAX17 

BAX17 


BAY94 

BAY71 


FA4324 

FA4324 



BAX20 

FDH444 


BAY95 

BAY71 


FA4325 

FA4325 



BAX21 

FDH444 


DAI 701 

1N4148 


FA4330 

FA4330 



BAX33 

FA2310E 


DAI 702 

1N4148 


FA4331 

FA4331 



BAX34 

FA2310E 


DAI 703 

1N4148 


FA4332 

FA4332 



BAX35 

FA2310E 


DAI 704 

1N4148 


FA4333 

FA4333 



BAX37 

FA2320E 


FA2310 

FA2310 


FA4334 

FA4334 



BAX38 

FA2320E 


FA2311 

FA2311 


FA4335 

FA4335 



BAX39 

FA4310E 


FA2312 

FA2312 


FA4360 

FA4360 



BAX40 

FA4310E 


FA2313 

FA2313 


FA4361 

FA4361 



BAX41 

FA4310E 


FA2320 

FA2320 


FD300 

FDH300 



BAX42 

FA4320E 


FA2321 

FA2321 


FD333 

FDH333 



BAX43 

FA4320E 


FA2322 

FA2322 


FD400 

FDH400 



BAX44 

FA4320E 


FA2323 

FA2323 


FD444 

FDH444 



BAX83 

BAY72 


FA2324 

FA2324 


FD600 

FDH600 



BAX84 

BAY71 


FA2325 

FA2325 


FD666 

FDH666 



BAX85 

BAY71 


FA2330 

FA2330 


FD700 

FD700 



BAX86A 

BAY71 


FA2331 

FA2331 


FD777 

FD777 



BAX86B 

BAY71 


FA2332 

FA2332 


FD1389 

FD1389 



BAX87 

BAY71 


FA2333 

FA2333 


FD2389 

FD2389 



BAX89B 

BAY71 


FA2334 

FA2334 


FD3389 

FD3389 



BAX89H 

BAY71 


FA2335 

FA2335 


FD6389 

FD6389 



BAX90A 

BAY71 


FA2360 

FA2360 


FDH300 

FDH300 



BAX90B 

BAY71 


FA2361 

FA2361 


FDH333 

FDH333 



BAX91A 

BAY71 


FA3310 

FA3310 


FDH400 

FDH400 



BAX91B 

BAY71 


FA3311 

FA3311 


FDH444 

FDH444 



BAX91C 

BAY71 


FA3312 

FA3312 


FDH600 

FDH600 



BAX92 

BAY71 


FA3313 

FA3313 


FDH666 

FDH666 



BAX93 

BAY71 


FA3320 

FA3320 


FDH900 

FDH900 



BAX94 

BAY71 


FA3321 

FA3321 


FDH999 

FDH999 



BAY17 

BAY72 


FA3322 

FA3322 


FDH1000 

FDH1000 



BAY18 

BAY72 


FA3323 

FA3323 


FDN400 

FDH400 



BAY19 

BAY72 


FA3324 

FA3324 


FDN444 

FDH444 



BAY20 

FDH400 


FA3325 

FA3325 


FDN600 

FDH600 



BAY38 

BAY71 


FA3330 

FA3330 


FDN666 

FDH666 



BAY41 

BAY71 


FA3331 

FA3331 


FDN700 

FD700 



BAY42 

BAY71 


FA3332 

FA3332 


FDN777 

FD777 



BAY43 

1N4148 


FA3333 

FA3333 


FJT1100 

FJT1100 



BAY60 

BAY74 


FA3334 

FA3334 


FJT1101 

FJT1101 



BAY61 

BAY74 


FA3335 

FA3335 


FSA2002M 

FSA2002M 



BAY63 

BAY74 


FA3360 

FA3360 


FSA2003M 

FSA2003M 



BAY68 

BAY74 


FA3361 

FA3361 


FSA2500M 

FSA2500M 



BAY69 

BAY74 


FA4310 

FA4310 


FSA2501M 

FSA2501M 



BAY71 

BAY71 


FA4311 

FA4311 


FSA2501P 

FSA2501P 



BAY72 

BAY72 


FA4312 

FA4312 


FSA2502M 

FSA2502M 



BAY73 

BAY73 


FA4313 

FA4313 


FSA2503M 

FSA2503M 



BAY74 

BAY74 


FA4320 

FA4320 


FSA2503P 

FSA2503P 



BAY80 

BAY80 


FA4321 

FA4321 


FSA2504M 

FSA2504M 



BAY82 

BAY82 


FA4322 

FA4322 


FSA2509M 

FSA2509M 



BAY93 

BAY71 j 


FA4323 

FA4323 


FSA2509P 

FSA2509P 









1-14 



Diode Device Cross Reference (Continued)) 


Industry 

Device 


FSA2510M 

FSA2510P 

FSA2563M 

FSA2563P 

FSA2564M 

FSA2564P 

FSA2565M 

FSA2565P 

FSA2566M 

FSA2566P 

FSA2619M 

FSA2619P 

FSA2620M 

FSA2620P 

FSA2621M 

FSA2719M 

FSA2719P 

FSA2720M 

FSA2720P 

FSA2721M 

FSA2721P 

MC1103L 

MC1103P 

MC1105F 

MC1105L 

MC1105P 

MC1106F 

MC1106L 


FSA2510M 

FSA2510P 

FSA2563M 

FSA2563P 

FSA2564M 

FSA2564P 

FSA2565M 

FSA2565P 

FSA2566M 

FSA2566P 

FSA2619M 

FSA2619P 

FSA2620M 

FSA2620P 

FSA2621M 

FSA2719M 

FSA2719P 

FSA2720M 

FSA2720P 

FSA2721M 

FSA2721P 

FSA2501M 

FSA2501 

FSA2502M 

FSA2563M 

FSA2563 

FSA2003M 

FSA2564M 


Industry 

Device 


MC1106P 

MC1107F 

MC1107L 

MC1107P 

MC1103F 

TID21A 

TID22A 

TID23A 

TID24A 

TID25A 

TID26A 

TID121 

TID122 

TID123 

TID124 

TID125 

TID126 

TID131 

TID132 

TID133 

TID134 

TID135N 

TID136N 

TID139F 

TID139N 

TID140F 

TID140N 


FSA2564 

FSA2504M 

FSA2503M 

FSA2503 

FSA2500M 

FSA2002M 

FSA2002M 

FSA2003M 

FSA2003M 

FSA2500M 

FSA2500M 

FSA2563M 

FSA2563M 

FSA2564M 

FSA2564M 

FSA2510M 

FSA2510M 

FSA2504M 

FSA2504M 

FSA2509M 

FSA2509M 

FSA2510M 

FSA2510M 

FSA2721M 

FSA2720M 

FSA2721M 

FSA2720M 
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Diode Device Cross Reference 











Diode Device Cross Reference 


Diode Device Cross Reference 

THRUHOLE ^ SURFACE MOUNT 





Industry 

NS 

NS 


Industry 

NS 

NS 



Device 

LL-34 

SO Outline 


Device 

LL-34 

SO Outline 



1N456 

FDLL456 



1N4450 

FDLL4450 




1N456A 

FDLL456A 



1N4454 

FDLL4454 




1N457 

FDLL457 



1N4938 

FDLL4938 




1N457A 

FDLL457A 



1N5768 


FAS05768 



1N458 

FDLL458 



1N5770 


FASO5770 



1N458A 

FDLL458A 



1N5772 


FAS05772 



1N459 

FDLL459 



1N5774 


FAS05774 



1N459A 

FDLL459A 



1N6099 

FDLL6099 




1N461A 

FDLL461A 



1N6101 

FASO6101 




1N462A 

FDLL462A 



BAS16 


BAS16 



1N463A 

FDLL463A 



BAV70 


BAV70 



1N482B 

FDLL482B 



BAV74 


BAV74 



1N483B 

FDLL483B 



BAV99 


BAV99 



1N484B 

FDLL484B 



BAW56 


BAW56 



1N485B 

FDLL485B 



FASO2501 


FASO2501 



1N625 

FDLL625 



FASO2503 


FASO2503 



1N626 

FDLL626 



FASO2509 


FASO2509 



1N627 

FDLL627 



FASO2510 


FASO2510 



1N628 

FDLL628 



FAS02563 


FAS02563 



1N629 

FDLL629 



FAS02564 


FAS02564 



1N658 

FDLL658 



FAS02565 


FAS02565 



1N659 

FDLL659 



FAS02566 


FAS02566 



1N660 

FDLL660 



FAS02618 


FAS02618 



1N661 

FDLL661 



FAS02619 


FAS02619 



1N914A 

FDLL914A 

FDS0914 


FASO2620 


FASO2620 



1N914B 

FDLL914B 



FAS02718 


FAS02718 



1N916A 

FDLL916A 



FAS02719 


FAS02719 



1N916B 

FDLL916B 



FASO2720 


FASO2720 



1N920 

FDLL920 



FAS05768 


FAS05768 



1N921 

FDLL921 



FASO5770 


FASO5770 



1N922 

FDLL922 



FAS05772 


FAS05772 



1N923 

FDLL923 



FAS05774 


FAS05774 



1N3064 

FDLL3064 



FASO6101 


FASO6101 



1N3070 

FDLL3070 

FDS03070 


FDH300 

FDLL300 




1N3595 

FDLL3595 

FDS03595 


FDH333 

FDLL333 




1N3600 

FDLL3600 



FDH400 

FDLL400 




1N4009 

FDLL4009 



FDH444 

FDLL444 




1N4148 

FDLL4148 

FDS04148 


FDH600 

FDLL600 




1N4149 

FDLL4149 



FDH666 

FDLL666 




1N4150 

FDLL4150 



FDH700 

FDLL700 




1N4151 

FDLL4151 



FDH777 

FDLL777 




1N4152 

FDLL4152 



FDH900 

FDLL900 




1N4153 

FDLL4153 



FDH999 

FDLL999 




1N4154 

FDLL4154 



FDH1000 

FDLL1000 




1N4305 

FDLL4305 



FDLL300 

FDLL300 




1N4446 

FDLL4446 



FDLL333 

FDLL333 




1N4447 

FDLL4447 



FDLL400 

FDLL400 




1N4448 

FDLL4448 

FDS04448 


FDLL444 

FDLL444 




1N4449 

FDLL4449 



FDLL456 

FDLL456 





FDLL456A 

FDLL456A 
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Diode Device Cross Reference (continued)) 

THRUHOLE ^ SURFACE MOUNT 





Industry 

NS 

NS 


Industry 

NS 

NS 



Device 

LL-34 

SO Outline 


Device 

LL-34 

SO Outline 



FDLL457 

FDLL457 



FDLL3595 

FDLL3595 




FDLL457A 

FDLL457A 



FDLL3600 

FDLL3600 




FDLL458 

FDLL458 



FDLL4009 

FDLL4009 




FDLL458A 

FDLL458A 



FDLL4148 

FDLL4148 




FDLL459 

FDLL459 



FDLL4149 

FDLL4149 




FDLL459A 

FDLL459A 



FDLL4150 

FDLL4150 




FDLL461A 

FDLL461A 



FDLL4151 

FDLL4151 




FDLL462A 

FDLL462A 



FDLL4152 

FDLL4152 




FDLL463A 

FDLL463A 



FDLL4153 

FDLL4153 




FDLL482B 

FDLL482B 



FDLL4154 

FDLL4154 




FDLL483B 

FDLL483B 



FDLL4305 

FDLL4305 




FDLL484B 

FDLL484B 



FDLL4446 

FDLL4446 




FDLL485B 

FDLL485B 



FDLL4447 

FDLL4447 




FDLL600 

FDLL600 



FDLL4448 

FDLL4448 




FDLL625 

FDLL625 



FDLL4449 

FDLL4449 




FDLL626 

FDLL626 



FDLL4450 

FDLL4450 




FDLL627 

FDLL627 



FDLL4454 

FDLL4454 




FDLL628 

FDLL628 



FDLL4938 

FDLL4938 




FDLL629 

FDLL629 



FDLL6099 

FDLL6099 




FDLL658 

FDLL658 



FDSO1201 


FDSO1201 



FDLL659 

FDLL659 



FDSO1202 


FDSO1202 



FDLL660 

FDLL660 



FDSO1203 


FDSO1203 



FDLL661 

FDLL661 



FDSO1204 


FDSO1204 



FDLL666 

FDLL666 



FDSO1205 


FDSO1205 



FDLL700 

FDLL700 



FDSO1401 


FDSO1401 



FDLL777 

FDLL777 



FDSO1402 


FDSO1402 



FDLL900 

FDLL900 



FDSO1403 


FDSO1403 



FDLL914A 

FDLL914A 



FDSO1404 


FDSO1404 



FDLL914B 

FDLL914B 



FDSO1405 


FDSO1405 



FDLL916A 

FDLL916A 



FDSO1501 


FDSO1501 



FDLL916B 

FDLL916B 



FDSO1502 


FDSO1502 



FDLL920 

FDLL920 



FDSO1503 


FDSO1503 



FDLL921 

FDLL921 



FDSO1504 


FDSO1504 



FDLL922 

FDLL922 



FDSO1505 


FDSO1505 



FDLL923 

FDLL923 



FDSO1701 


FDSO1701 



FDLL999 

FDLL999 



FDSO1702 


FDSO1702 



FDLL1000 

FDLL1000 



FDSO1703 


FDSO1703 



FDLL3064 

FDLL3064 



FDSO1704 


FDSO1704 



FDLL3070 

FDLL3070 



FDSO1705 


FDSO1705 
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Diode Device Cross Reference 


SOT-23 General Purpose and Specialty Diodes 

If you need the electrical characteristics for any of the listed industry standards, they are available and guaranteed by four 
device families. Each of these families are available in five configurations including: single, series, common cathode and 
common anode. Please see the appropriate data sheet for details. 


FDSO1200 Family 


FDSO1500 Family 


FDSO1500 Family 


FDSO1700 Family 

1N659 


1N625 


1N456 


1N4244 

1N916 


1N626 


1N456A 


1N4376 

1N916A 


1N627 


1N457 


FDH700 

1N916B 


1N628 


1N457A 


1N3064 


1N629 


1N458 


1N3600 


1N658 


1N468A 


1N4009 


1N660 


1N459 


1N4149 


1S920 


1N459A 


1N4150 


1S921 


1N461A 


1N4151 


1S922 


1N462A 


1N4154 


1S923 


1N463A 


1N4305 


FDH400 


1N482B 


1N4446 


FDH444 


1N483B 


1N4449 


1N484B 


1N4450 


1N485B 


1N4455 


166099 


FDH600 


FDH300 


FDH666 


FDH333 



MMBD2835 

MMBD2836 

MMBD2837 

MMBD2838 

MMBD6050 

MMBD6100 
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Computer 

Glass Package 


Diodes (By Increasing trr) 


Device 

No. 

trr 

ns 

Max 

Vrrm 

V 

Min 

Ir 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

pF 

Max 

Package 

No. 

FD700 

0.70 

30 

50 

20 

1.1 

50 

1.0 

DO-7 

1N4376 

0.75 

20 

100 

10 

1.1 50 

1.0 

DO-7 

1N4244 

0.75 

20 

100 

10 

1.0 

20 

0.8 

DO-7 

BAY82 

0.75 

15 

100 

12 

1.0 

20 

1.3 

DO-7 

FD777 

0.75 

15 

100 

8.0 

1.0 

20 

1.3 

DO-7 

1N5282 

2.0 

80 

100 

55 

1.3 

500 

2.5 

DO-35 

1N4153 

2.0 

75 

50 

50 

0.88 

20 

4.0 

DO-35 

1N4151 

2.0 

75 

50 

50 

1.0 

50 

4.0 

DO-35 

1N4305 

2.0 

75 

100 

50 

0.85 

10 

2.0 

DO-35 

BAY71 

2.0 

50 

100 

35 

1.0 

20 

2.0 

DO-35 

1N4152 

2.0 

40 

50 

30 

0.88 

20 

4.0 

DO-35 

1N4154 

2.0 

35 

100 

25 

1.0 

30 

4.0 

DO-35 

1N914 

4.0 

100 

25 

20 

1.0 

10 

4.0 

DO-35 

1N914A 

4.0 

100 

25 

20 

1.0 

20 

4.0 

DO-35 

1N914B 

4.0 

100 

25 

20 

1.0 

100 

4.0 

DO-35 

1N916 

4.0 

100 

25 

20 

1.0 

10 

2.0 

DO-35 

1N916A 

4.0 

100 

25 

20 

1.0 

20 

2.0 

DO-35 

1N916B 

4.0 

100 

25 

20 

1.0 

30 

2.0 

DO-35 

1N4148 

4.0 

100 

25 

20 

1.0 

10 

4.0 

DO-35 

1N4149 

4.0 

100 

25 

20 

1.0 

10 

2.0 

DO-35 

1N4446 

4.0 

100 

25 

20 

1.0 

20 

4.0 

DO-35 

1N4447 

4.0 

100 

25 

20 

1.0 

20 

4.0 

DO-35 

1N4448 

4.0 

100 

25 

20 

1.0 

100 

2.0 

DO-35 

1N4449 

4.0 

100 

25 

20 

1.0 

30 

2.0 

DO-35 

1N3600 

4.0 

75 

100 

50 

1.0 

200 

2.5 

DO-35 

FDH600 

4.0 

75 

100 

50 

1.0 

200 

2.5 

DO-35 

1N3064 

4.0 

75 

100 

50 

1.0 

10 

2.0 

DO-35 

1N4150 

4.0 

75 

100 

50 

1.0 

200 

2.5 

DO-35 

1N4454 

4.0 

75 

100 

50 

1.0 

10 

2.0 

DO-35 

BAX13 

4.0 

50 

200 

50 

1.0 

20 

3.0 

DO-35 
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Computer Diodes (By Increasing trr) (Continued) 

Glass Package 

Device 

No. 

trr 

ns 

Max 

Vrrm 

V 

Min 

Vr 

Max '' 

V . 

mA 

Max 

c 

PF 

Max 

Package 

No. 

BAY74 

4.0 

50 

100 35 

1.1 300 

3.0 

DO-35 

FDH900 

4.0 

45 

500 40 

1.1 100 

3.0 

DO-35 

FDH666 

4.0 

40 

100 25 

1.0 100 

3.5 

DO-35 

1N4450 

4.0 

40 

50 30 

1.0 200 

4.0 

DO-35 

1N4009 

4.0 

35 

100 25 

1.0 30 

4.0 

DO-35 

1N625 

4.0 

30 

1000 20 

1.5 4.0 


DO-35 

FDH999 

5.0 

35 

1000 25 

1.0 10 

5.0 

DO-35 

FDH1000 

100 

75 

50 20 

1.0 500 

5.0 

DO-35 

Leadless Glass Package 


trr 

ns 

Max 

Vrrm 

V 

Min 

Vr 

Max '' 

Max 

C 

pF 

Max 

Package 

No. 

FDLL4153 

2.0 

75 

50 50 

0.88 20 

4.0 

LL-34 

FDLL4151 

2.0 

75 

50 50 

1.0 50 


LL-34 

FDLL4305 

2.0 

75 

100 50 

0.85 10 

2.0 

LL-34 

FDLL4152 

2.0 

40 

50 30 

0.88 20 

4.0 

LL-34 

FDLL4154 

2.0 

35 

100 25 

1.0 30 

4.0 

LL-34 

FDLL914 

4.0 

100 

25 20 

1.0 10 

4.0 

LL-34 

FDLL914A 

4.0 

100 

25 20 

1.0 20 

4.0 

LL-34 

FDLL914B 

4.0 

100 

25 20 

1.0 100 

4.0 

LL-34 

FDLL916 

4.0 

100 

25 20 

1.0 10 

2.0 

LL-34 

FDLL916A 

4.0 

100 

25 20 

1.0 20 

2.0 

LL-34 

FDLL916B 

4.0 

100 

25 20 

1.0 30 

2.0 

LL-34 

FDLL4148 

4.0 

100 

25 20 

1.0 10 

4.0 

LL-34 

FDLL4149 

4.0 

100 

25 20 

1.0 10 

2.0 

LL-34 

FDLL4446 

4.0 

100 

25 20 

1.0 20 

4.0 

LL-34 

FDLL4447 

4.0 

100 

25 20 

1.0 20 

4.0 

LL-34 

FDLL4448 

4.0 

100 

25 20 

1.0 100 

2.0 

LL-34 

FDLL4449 

4.0 

100 

25 20 

1.0 30 

2.0 

LL-34 

FDLL3600 

4.0 

75 

100 50 

1.0 200 

2.5 

LL-34 

FDLL600 

4.0 

75 

100 50 

1.0 200 

2.5 

LL-34 

FDLL3064 

4.0 

75 

100 50 

1.0 10 

2.0 

LL-34 

FDLL4150 

4.0 

75 

100 50 

1.0 200 

2.5 

LL-34 

FDLL4454 

4.0 

75 

100 50 

1.0 10 

2.0 

LL-34 

FDLL666 

4.0 

40 

100 25 

1.0 100 

3.5 

LL-34 

FDLL4450 

4.0 

40 

50 30 

1.0 200 

4.0 

LL-34 

FDLL4009 

4.0 

35 

100 25 

1.0 30 

4.0 

LL-34 

FDLL625 

50 

30 

1000 20 

1.5 4.0 


LL-34 
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Low Leakage Diodes (By Decreasing Vrrm) 

Glass Package 

Device 

No. 

Vrrm 

V 

Min 


Ir 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

c 

PF 

Max 

Package 

No. 

1N485B 

200 


25 

180 

1.0 

100 


DO-35 

1N459 

200 


25 

175 

1.0 

3.0 


DO-35 

1N459A 

200 


25 

175 

1.0 

100 


DO-35 

FDH300 

150 


1.0 

125 

1.0 

200 

6.0 

DO-35 

1N3595 

150 


1.0 

125 

1.0 

200 

8.0 

DO-35 

1N6099 

150 


1.0 

125 

1.0 

200 

8.0 

DO-35 

FDH333 

150 


3.0 

125 

1.05 

200 

6.0 

DO-35 

1N458A 

150 


5.0 

125 

1.0 

100 


DO-35 

1N484B 

150 


25 

130 

1.0 

100 


DO-35 

1N458 

150 


25 

125 

1.0 

7.0 

6.0 

DO-35 

BAY73 

125 


5.0 

100 

1.0 

200 

8.0 

DO-35 

1N483B 

80 


25 

70 

1.0 

100 


DO-35 

1N457 

70 


25 

60 

1.0 

20 

8.0 

DO-35 

1N457A 

70 


25 

60 

1.0 

100 


DO-35 

1N482B 

40 


25 

36 

1.0 

100 


DO-35 

FJT1100 

30 


0.001 

5.0 

1.05 

10 

1.5 

DO-7 

1N456A 

30 


25 

25 

1.0 

100 


DO-35 

1N456 

30 


25 

25 

1.0 

40 

10 

DO-35 

Leadless Glass Package 

Device 

No. 

Vrrm 

V 

Min 

•r 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

C 

pF 

Max 

Package 

No. 

FDLL459 

200 

25 

175 

1.0 

3.0 


LL-34 

FDLL459A 

200 

25 

175 

1.0 

100 


LL-34 

FDLL485B 

200 

25 

180 

1.0 

100 


LL-34 

FDLL300 

150 

1.0 

125 

1.0 

200 

6.0 

LL-34 

FDLL3595 

150 

1.0 

125 

1.0 

200 

8.0 

LL-34 

FDLL6099 

150 

1.0 

125 

1.0 

200 

8.0 

LL-34 

FDLL333 

150 

3.0 

125 

1.05 

200 

6.0 

LL-34 

FDLL458A 

150 

5.0 

125 

1.0 

100 


LL-34 

FDLL484B 

150 

25 

130 

1.0 

100 


LL-34 

FDLL458 

150 

25 

125 

1.0 

7.0 

6.0 

LL-34 

FDLL483B 

80 

25 

70 

1.0 

100 


LL-34 

FDLL457 

70 

25 

60 

1.0 

20 

8.0 

LL-34 

FDLL457A 

70 

25 

60 

1.0 

100 


LL-34 

FDLL482B 

40 

25 

36 

1.0 

100 


LL-34 

FDLL456A 

30 

25 

25 

1.0 

100 


LL-34 

FDLL456 

30 

25 

25 

1.0 

40 

10 

LL-34 
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High Voltage Diodes (By Decreasing Vrrm) 

Glass Package 

Device 

No. 

Vrrm 

V 

Min 


>R 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

C 

PF 

Max 

trr 

ns 

Max 

Package 

No. 

1N486B 

250 


50 

225 

1.0 

100 



DO-35 

BAV21 

250 


100 

200 

1.0 

100 


50 


1N661 

240 


10000 

200 

1.0 

6.0 


300 

DO-35 

FDH400 

200 


100 

150 

1.0 

200 

2.0 

50 

DO-35 

1N3070 

200 


100 

175 

1.0 

100 

5.0 

50 

DO-35 

1N4938 

200 


100 

175 

1.0 

100 

5.0 

50 

DO-35 

BAV20 

200 


100 

150 

1.0 

100 


50 


1N629 

200 


1000 

175 

1.5 

4.0 


1000 

DO-35 

FDH444 

150 


50 

100 

1.1 

200 

2.5 

60 

DO-35 


150 


1000 

125 

1.5 

4.0 


1000 

DO-35 

BAY72 

125 


100 

100 

1.0 

100 

5.0 

50 

DO-35 

BAY80 

120 


100 

120 

1.0 

150 

6.0 


DO-35 

BAV19 

120 


100 

100 

1.0 

100 


50 

bseshi 

1N658 

120 


50 

50 

1.0 

100 


300 

DO-35 

1N660 

120 


5000 

100 

1.0 

6.0 


300 

DO-35 

1N627 

100 


1000 

75 

1.5 

4.0 



DO-35 


50 


1000 

35 

1.5 

4.0 



DO-35 

Leadless Glass Package 

Device 

No. 

Vrrm 

V 

Min 

Ir 

nA @ 
Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

C 

pF 

Max 

trr 

ns 

Max 

Package 

No. 

FDLL486B 

250 

50 

225 

1.0 


IBiHi 


LL-34 

FDLL400 

200 

100 

150 

1.0 

200 

2.0 

50 

LL-34 

FDLL3070 

200 

100 

175 

1.0 

100 

5.0 

50 

LL-34 

FDLL629 

200 

1000 

175 

1.5 

4.0 


1000 

LL-34 

FDLL444 

150 

50 

100 

1.1 

200 

2.5 

60 


FDLL628 

150 

1000 

125 

1.5 

4.0 


1000 

LL-34 

FDLL658 

120 

50 

50 

1.0 

100 


300 

LL-34 

FDLL660 

120 

5000 

100 

1.0 

6.0 


300 

LL-34 

FDLL627 

100 

1000 

75 

1.5 

4.0 


1000 

LL-34 

FDLL626 

50 

1000 

35 

1.5 

4.0 


1000 

LL-34 
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General Purpose Diodes (By Decreasing Vrrm) 

Glass Package 

Device 

No. 

Vrrm 

V 

Min 

Vr 

Max ^ 

Max 

c 

PF 

Max 

trr 

ns 

Max 

Package 

No. 

1N661 

240 

10000 200 

1.0 6.0 


300 

DO-35 

1S923 

200 

100 200 

1.2 200 



DO-35 

1N463A 

200 

500 175 

1.0 100 



DO-35 

1S922 

150 

100 150 

1.2 200 



DO-35 

BAX16 

150 

100 150 

1.0 1.0 

10 

120 

DO-35 

1N660 

120 

5000 100 

1.0 6.0 



DO-35 

1S921 

100 

100 100 

1.2 200 



DO-35 

BA128 

75 

100 50 

1.0 50 

5.0 


DO-35 

1N462A 

70 

500 60 

1.0 100 



DO-35 

BAV18 

60 

100 50 

1.0 100 


50 

DO-35 

1N659 

60 

5000 50 

1.0 6.0 



DO-35 

1S920 

50 

100 50 

1.2 200 



DO-35 

BA218 

50 

50 25 

1.0 10 

5.0 


DO-35 

1S44 

50 

50 10 

1.0 10 

4.0 

8 

DO-35 

FDH900 

45 

500 40 

1.0 100 

3.0 

4.0 

DO-35 

FDH999 

35 

1000 25 

1.0 10 

5.0 

5.0 

DO-35 

1N461A 

30 

500 25 

1.0 100 

10 


DO-35 

BA217 

30 

50 10 

1.0 10 

5.0 


DO-35 

BA130 

30 

100 25 

1.0 10 

2.0 


DO-35 

BAV17 

25 

100 20 

1.0 100 


50 

DO-35 

Leadless Glass Package 

Device 

No. 

Vrrm 

V 

Min 

” Vr 

Max 

\ 

mm 

Max 

C 

pF 

Max 

Package 

No. 

FDLL661 

240 

10000 200 

1.0 6.0 


LL-34 

FDLL923 

200 

100 200 

1.2 200 


LL-34 

FDLL463A 


500 175 

1.0 100 


LL-34 

FDLL922 

150 

100 150 

1.2 200 


LL-34 

FDLL921 

100 

100 100 

1.2 200 


LL-34 

FDLL462A 

70 


1.0 100 


LL-34 

FDLL659 

60 


1.0 6.0 


LL-34 

FDLL920 

50 


1.2 200 


LL-34 

FDLL461A 

30 

500 25 

1.0 100 

10 

LL-34 
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Surface Mount Diodes 

Plastic Package 

Device 

No. 

Description 

trr 

ns 

Max 

Vrrm 

V 

Min 

■r 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

C 

PF 

Max 

Configuration 

Package 

No. 

FDSO 1200 FAMILY 

FDSO1201 

Single 

4.0 

75 

100 

50 

1.1 

200 

2.0 

1 

TO-236 

FDSO1202 



75 

100 

50 

1.1 

200 

2.0 

2 

TO-236 

FDSO1203 

Series 



100 



200 


CO 

TO-236 

FDSO1204 

Common Cathode 

4.0 

75 

100 

50 

1.1 

200 

2.0 

4 

TO-236 

FDSO1205 

Common Anode 

4.0 

75 

100 

50 

1.1 

200 

2.0 

5 


FDSO 1400 FAMILY 

FDSO1401 

Single 

50 

200 

100 

175 

1.0 

100 

2.0 

1 


FDSO1402 

Single 

50 

200 

100 

175 

1.0 

100 

2.0 

2 

TO-236 

FDSO1403 

Series 

50 

200 

100 

175 

1.0 

100 

2.0 

3 

TO-236 

FDSO1404 

Common Cathode 

50 

200 

100 

175 

1.0 

100 

2.0 

4 

TO-236 

FDSO1405 

Common Anode 

50 

200 

100 

175 

1.0 

100 

2.0 

5 

TO-236 

FDSO 1500 FAMILY 

FDSO1501 

Single 


150 

1.0 

125 

1.0 

200 

4.0 

1 

TO-236 

FDSO1502 

Single 








2 

TO-236 

FDSO1503 

Series 



1.0 

125 


jj^QI 


3 

TO-236 

FDSO1504 

Common Cathode 


150 

1.0 

125 

1.0 



4 

TO-236 

FDSO1505 

Common Anode 


150 

1.0 

125 

1.0 

200 

4.0 

5 

TO-236 

FSDO 1700 FAMILY 

FDS0914 

Single 

4.0 

100 

25 

20 

1.0 

10 

4.0 

1 

TO-236 

FDSO1701 

Single 

0.7 

30 

50 

20 

1.1 

50 

1.0 

1 

TO-236 

FDSO1702 

Single 

0.7 

30 

50 

20 

1.1 

50 

1.0 

2 

TO-236 

FDSO1703 

Series 

0.7 

30 

50 

20 

1.1 

50 

1.0 

3 

TO-236 

FDSO1704 

Common Cathode 

0.7 

30 

50 

20 

1.1 

50 

1.0 

4 

TO-236 

FDSO1705 

Common Anode 

0.7 

30 

50 

20 

1.1 

50 

1.0 

5 


FDS03070 

Single 

50 

200 

100 

175 

1.0 

100 

5.0 

1 


FDS03595 

Single 


150 

1.0 

125 

1.0 

200 

8.0 

1 


FDS04148 

Single 

4.0 

100 

25 

20 

1.0 

10 


1 

TO-236 

FDS04448 




25 

20 

1.0 

100 

2.0 

1 

TO-236 

BAS16 

Single 

6.0 

75 

1000 

75 

1.1 

50 

2.0 

1 

TO-236 

BAS19 

Single 

50 

100 

100 

100 

1.0 

100 

5.0 

1 

TO-236 

BAS20 

Single 

50 

150 

100 

150 

1.0 

100 

5.0 

1 

TO-236 

BAS21 

Single 




200 

1.0 

100 

5.0 

1 

TO-236 

BAS29 

Single 


90 



50 


1 


BAS31 

Series 





50 


3 

TO-236 

BAS35 






50 


5 

TO-236 

BAV70 

Common Cathode 

6.0 

70 

5000 

70 

1.1 

50 

1.5 

4 

TO-236 

BAV74 

Common Cathode 

4.0 

50 

100 

50 

0.84 

50 

2.0 

4 


BAV99 

Series 

6.0 

70 

2500 



50 

1.5 

3 

TO-236 

BAW56 

Common Anode 

6.0 

70 

2500 

70 

1.1 

50 


5 

TO-236 
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Surface Mount Diode Configurations 




Configuration 

1 

2 

3 

4 

5 


Pin Out Diagram 3 

TOP VIEW ^ 

2N/C 

TL/G/10012-6 TL/G/10012-7 


Diode Arrays by Vrrm and trr 


Device 

No. 

Vrrm 

(V) 

Vfm 

(V) 

@ Ip 

(mA) 

trr (ns) 

Max 

Configuration 

Package 

No. 

FSA2002M 

60 

1.0 

100 

10 

CC8 

TO-85 

FSA2003M 

60 

1.0 

100 

10 

CA8 

TO-85 

FSA2500M 

60 

1.0 

100 

10 

M16 

TO-85 

FSA2501M 

60 

1.0 

100 

10 

M16S 

TO-116-2 

FSA2501P 

60 

1.0 

100 

10 

M16S 

TO-116 

FSA2502M 

60 

1.0 

100 

10 

M16M 

TO-96 

FSA2503M 

60 

1.0 

100 

10 

2M8 

TO-116-2 

FSA2503P 

60 

1.0 

100 

10 

2M8 

TO-116 

FSA2504M 

60 

1.0 

100 

10 

2M8 

TO-86 

FSA2508P 

60 

1.3 

500 

10 

2M8 

9B 

FSA2509M 

60 

1.3 

500 

10 

2M8 

TO-116-2 

FSA2509P 

60 

1.3 

500 

10 

2M8 

TO-116 

FSA2510M 

60 

1.3 

500 

10 

M16S 

TO-116-2 

FSA2510P 

60 

1.3 

500 

10 

M16S 

TO-116 

FSA2563M 

60 

1.3 

500 

10 

CC8S 

TO-116-2 

FSA2563P 

60 

1.3 

500 

10 

CC8S 

TO-116 

FSA2564M 

60 

1.3 

500 

10 

CA8S 

TO-116-2 

FSA2564P 

60 

1.3 

500 

10 

CA8S 

TO-116 

FSA2565M 

60 

1.3 

500 

10 

CC13 

TO-116-2 

FSA2565P 

60 

1.3 

500 

10 

CC13 

TO-116 

FSA2566M 

60 

1.3 

500 

10 

CA13 

TO-116-2 

FSA2566P 

60 

1.3 

500 

10 

CA13 

TO-116 

1N6496 

60 

1.5 

500 

10 

2M16 

20 Lead Cerpak 

1N5768JAN 

60 

1.0 

100 

20 

CC8 

TO-85 


60 

1.0 

100 

20 

CC8 

TO-85 

1N5768JANTXV 

60 

1.0 

100 

20 

CC8 

TO-85 

1N5770JAN 

60 

1.0 

100 

20 

CA8 

TO-85 

1N5770JANTX 

60 

1.0 

100 

20 

CA8 

TO-85 

1N5770JANTXV 

60 

1.0 

100 

20 

CA8 

TO-85 


3 

1 


1 N/C| 
TL/G/10012- 




1 2 

TL/G/10012- 


TL/G/10012-10 


TL/G/10012-11 
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Diode Arrays by Vrrm and t|>r (Continued) 


Device 

No. 

Vrrm 

(V) 

Vfm 

(V) 

@ If 

(mA) 




1N5772JAN 

60 

1.0 

100 

20 

M16N 


1N5772JANTX 

60 

1.0 

100 

20 

M16N 

TO-85 

1N5772JANTXV 

60 

1.0 

100 

20 

M16N 

TO-85 

1N5774JAN 

60 

1.0 

100 

20 

2M8 

TO-86 

1N5774JANTX 

60 

1.0 

100 

20 

2M8 

10-86 

1N5774JANTXV 

60 

1.0 

100 

20 

2M8 

TO-86 

1N6100 

75 

1.0 

100 

5.0 

S7 

TO-86 

1N6100JAN 

76 

1.0 

100 

5.0 

S7 

TO-86 

1N6100JANTX 

75 

1.0 

100 

5.0 

S7 

TO-86 

1N6100JANTXV 

75 

1.0 

100 

5.0 

S7 

TO-86 

1N6101 

75 

1.0 

100 

5.0 

S8 

6B 

1N6101JAN 

75 

1.0 

100 

5.0 

S8 

6B 

1N6101JANTX 

75 

1.0 

100 

5.0 

S8 

6B 

1N6101JANTXV 

75 

1.0 

100 

5.0 

S8 

6B 

FSA2719M 

75 

1.0 

10 

6.0 

S8 

6B 

FSA2719P 

76 

1.0 

10 

6.0 

S8 

9B 

FSA2720M 

75 

1.0 

10 

6.0 

S7 

TO-116-2 

FSA2720P 

75 

1.0 

10 

6.0 

S7 

TO-116 

FSA2721M 

75 

1.0 

10 

6.0 

S7 

TO-86 

FSA2619M 

100 

1.0 

10 

5.0 

S8 

6B 

FSA2619P 

100 

1.0 

10 

5.0 

S8 

9B 

FSA2620M 

100 

1.0 

10 

5.0 

S7 

TO-116-2 

FSA2620P 

100 

1.0 

10 

5.0 

S7 

TO-116 

FSA2621M 

100 

1.0 

10 

5.0 

S7 

TO-86 

FSA2621P 

100 

1.0 

10 

5.0 

S7 

TO-116 


Diode Array Configurations 


CAS 



TL/G/10012-1 


CASS 

6 5 4 3 



TL/Q/10012-12 


CCS 



ccss 



10 11 12 14 


TL/G/10012-14 


2MS M16M 



TL/G/10012-4 TL/G/10012-13 
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Diode Array Configurations (Continued) 



3 1 5 I 7 I 8 1 9 I 11 12 


7 6 5 4 3 2 1 

8 9 10 11 12 13 14 


9 10 11 12 13 14 15 16 


7 6 5 4 3 2 1 


7 6 5 4 3 2 1 




8 9 10 11 12 13 14 


8 9 10 11 12 13 14 


3 4 5 6 7 



10 15 11 


1 - 2 ' 
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Military Diode Products in Numerical Order by Part Number 

Device 

Vrrm 

Irrm 

Vfm 

@ 

trr(n8) 

Package 

No. 

(V) 

(nA) 

(V) 

(mA) 

Max 

No. 

1N3064JAN 


MEM 

1.0 

10 

4.0 

DO-7 

1N3064JANTX 



1.0 

10 

4.0 

DO-7 


WBSM 


1.0 

100 


DO-35 




1.0 

100 


DO-35 

1N3595JAN 



1.0 

200 

3000 

DO-7 

1N3595JANTX 



1.0 

200 

3000 

DO-7 

1N3595JANTXV 



1.0 

200 

3000 

DO-7 

1N3600JAN 

HIQIH 



200 

4.0 

DO-7 

1N3600JANTX 




200 

4.0 

DO-7 

1N3600JANTXV 




200 

4.0 

DO-7 

1N4148-1 JAN 

100 

25 

1.0 

10 


DO-35 

1N4148-1JANTX 

100 

25 

1.0 

10 


DO-35 

1N4148-1JANTXV 

100 

25 

1.0 

10 


DO-35 

1N4150-1JAN 

75 

100 

1.0 

200 


DO-35 

1N4150-1JANTX 

75 

100 

1.0 

200 


DO-35 

1N4150-1JANTXV 

75 

100 

1.0 

200 


DO-35 

1N4306JAN 

75 

50 


■■^^|[||||| 


DO-7 

1N4306JANTX 

75 

50 




DO-7 

1N4306JANTXV 

75 

50 




DO-7 

1N4307JAN 

75 

50 

1.0 

50 


DO-7 

1N4307JANTX 

75 

50 

1.0 

50 


DO-7 

1N4307JANTXV 

75 

50 

1.0 

50 


DO-7 

1N4376JAN 


|HRR|||||||| 

1.1 

50 


DO-7 

1N4376JANTX 



1.1 

50 


DO-7 

1N4454-1JAN 

75 

100 

1.0 

10 

4.0 

DO-35 

1N4454-1JANTX 

75 

100 

1.0 

10 

4.0 

DO-35 

1N4454-1JANTXV 

75 

100 

1.0 

10 

4.0 

DO-35 

1N4938-1JAN 


MM 




DO-35 

1N4938-1JANTX 





■bh 

DO-35 

1N457JAN 

70 

25 

1.0 



DO-35 

1N458JAN 

150 

25 

1.0 

7.0 


DO-35 

1N459JAN 

200 

25 

1.0 

3.0 


DO-35 

1N483BJAN 

80 

25 

1.0 

100 


DO-35 

1N483BJANTX 

80 

25 

1.0 

100 


DO-35 

1N485BJAN 

200 

MM 

1.0 

100 


DO-35 

1N485BJANTX 

200 

MMM 

1.0 

100 


DO-35 

1N486BJAN 

250 

MM 

1.0 

100 


DO-35 

1N486BJANTX 

250 

M^M 

1.0 

100 


DO-35 

1N914JAN 


MM 


10 

4.0 

DO-35 

1N914JANTX 


MM 


10 

4.0 

DO-35 
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Surface Mount Monolithic Diode Arrays 

Plastic Packages 



Surface Mount Monolithic Diode Array Configurations 


CA8S 
5 4 3 


CC8S 
6 5 4 3 




10 11 12 14 


315 T 7T8T9 1 im2 


9 10 11 12 14 


2|3 |11T12|41 5 I 9 10 


TL/G/10012-23 


TL/G/10012-24 


8 9 10 11 12 13 14 


9 10 11 12 13 14 15 16 
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Zener Diodes (By Increasing V 2 ) 

Glass Package 

Device 

No. 



Zz 

n @ 

Max 

■z 

mA 

•r 

jaA @ 

Max 

Vr 

V 

T.C. 

%/“C 

Typ (Max) 

Pd 

mW 

Ta = 25X 

Package 

No. 

1N746A 


5.0 

28 

20 

10 

1.0 

-0.070 

500 

DO-35 

1N5226B 

MEf 

5.0 

28 

20 

25 

1.0 

(-0.070) 

500 

DO-35 

1N4728A 

IHf^H 

5.0 

10 

76 

100 

1.0 


1000 

DO-41 

1N747A 

3.6 

5.0 

24 

20 

10 

1.0 

-0.65 

500 

DO-35 

1N5227B 


5.0 

24 

20 

15 

1.0 

(-0.065) 

500 

DO-35 

1N4729A 

3.6 

5.0 

10 

69 

100 

1.0 


1000 


1N748A 

3.9 

5.0 

23 

20 

10 

1.0 

-0.60 

500 


1N5228B 

3.9 

5.0 

23 

20 

10 

1.0 

(-0.60) 

500 

DO -35 

1N4730A 

3.9 

5.0 

9.0 

64 

50 

1.0 


1000 

DO-41 

1N749A 

B9ii 

5.0 

22 

20 

2.0 

1.0 

(±0.055) 

500 

DO-35 

1N5229B 

4.3 

5.0 

22 

20 

5.0 

1.0 

(±0.055) 

500 

DO-35 

1N4731A 

4.3 

5.0 

9.0 

58 

10 

1.0 


1000 

DO-41 

1N750A 

4.7 

5.0 

19 

20 

2.0 

1.0 

±0.043 

500 

DO-35 


4.7 

5.0 

19 

20 

5.0 

2.0 

(±0.030) 

500 


1N4732A 

4.7 

5.0 

8.0 

53 

10 

1.0 


1000 

DO-41 

1N761A 

5.1 

5.0 

17 

20 

1.0 

1.0 

±0.030 

500 


1N5231B 

5.1 

5.0 

17 

20 

5.0 

2.0 

(±0.030 

500 


1N4733A 

5.1 

5.0 

7.0 

49 

10 

1.0 


1000 


1N752A 

5.6 

5.0 

11 

20 

1.0 

1.0 

±0.028 

500 

DO-35 

tN5232B 

5.6 


11 

20 

5.0 

3.0 

(±0.038) 

500 

DO-35 

1N4734A 


5.0 

5.0 

45 

10 

2.0 


j 1000 


1N5233B 

6.0 

5.0 

7.0 

20 

5.0 

3.5 

(±0.038) 

500 

DO-35 

1N753A 

6.2 

5.0 

7.0 

20 

0.1 

1.0 

±0.045 

500 

DO-35 

1N5234B 

6.2 

5.0 

7.0 

20 

5.0 

4.0 

(±0.045) 

500 


1N4735A 

6.2 

5.0 

2.0 

41 

10 

3.0 


1000 


1N754A 

6.8 

5.0 

5.0 

20 

0.1 

1.0 

±0.050 

500 

DO-35 

1N957B 

6.8 

5.0 

4.5 

18.5 

150 

5.2 

±0.050 

500 


1N5235B 

6.8 

5.0 

5.0 

20 

3.0 

5.0 

(±0.050) 

500 


1N4736A 

6.8 

5.0 

3.5 

37 

10 

4.0 


1000 



7.5 

5.0 

6.0 

20 

0.1 

1.0 

±0.058 

500 


1N958B 

7.5 

5.0 

5.5 

16.5 

75 

5.7 

±0.058 

500 

||[ElsS9|||| 

1N5236B 

7.5 

5.0 

6.0 

20 

3.0 

6.0 

(±0.058) 

500 

DO -35 

1N4737A 

7.5 

5.0 

4.0 

34 

10 

5.0 


1000 

DO-41 

1N756A 

8.2 

5.0 

8.0 

20 

0.1 

1.0 

±0.062 

500 

DO-35 

1N959B 

8.2 

5.0 

6.5 

15 

50 

6.2 

±0.062 

500 

DO-35 

1N5237B 

8.2 

5.0 

8.0 

20 

3.0 

6.5 

(±0.062) 

500 

DO-35 

1N4738A 

8.2 

5.0 

4.5 

34 

10 

6.0 


1000 

DO-41 

^Tolerance: All zener diodes are also available in 

±1%, 

±2%, ±10% and ±20% tolerances. 
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Zener Diodes (By Increasing Vz) 


Glass Package (Continued) 


Device 

No. 

Vz 

V 

Norn 

Tol.* 

±Vz 

% 

Zz 

n a 

Max 

D 'Z 
mA 

•r 

Max 

@ vr 

V 

T.C. 

%/“C 

Typ(Max) 

Pd 

mW 

Ta = 25“C 

Package 

No. 

1N5238B 

8.7 

5.0 

8.0 

20 

3.0 

6.5 

( + 0.065) 

500 

DO-35 

1N757A 

9.1 

5.0 

10 

20 

0.1 

1.0 

+ 0.068 

500 

DO-35 

1N960B 

9.1 

5.0 

7.5 

14 

25 

6.9 

+ 0.068 

500 

DO-35 

1N5239B 

9.1 

5.0 

10 

20 

3.0 

7.0 


500 


1N4739A 

9.1 

5.0 

5.0 

8 

10 

7.0 


1000 

DO-41 

1N758A 

10 

5.0 

17 

20 

0.1 

1.0 

+ 0.075 

500 

DO-35 

1N961B 

10 

5.0 

8.5 

12.5 

10 

7.6 

+ 0.072 

500 

DO-35 

1N5240B 

10 

5.0 

17 

20 

3.0 

8.0 

(+0.075) 

500 

DO-35 

1N4740A 

10 

5.0 

7.0 

25 

10 

7.6 


1000 

DO-41 

1N962B 

11 

5.0 

9.5 

11.5 

5.0 

8.4 

+ 0.073 

500 

DO-35 

1N5241B 

11 

5.0 

22 

20 

2.0 

8.4 

( + 0.076) 

500 

DO-35 

1N4741A 

11 

5.0 

8.0 

23 

5.0 

8.4 


1000 

DO-41 

1N759A 

12 

5.0 

30 

20 

0.1 

1.0 

+ 0.077 

500 

DO-35 

1N963B 

12 

5.0 

11.5 

10.5 

5.0 

9.1 

+ 0.076 

500 

DO-35 

1N5242B 

12 

5.0 

30 

20 

1.0 

9.1 

( + 0.077) 

500 

DO-35 

1N4742A 

12 

5.0 

9.0 

21 

5.0 

9.1 


1000 

DO-41 

1N964B 

13 

5.0 

13 

9.5 

5.0 

9.9 

+ 0.079 

500 

DO-35 

1N5243B 

13 

5.0 

13 

9.5 

0.5 

9.9 

( + 0.079) 

500 

DO-35 

1N4743A 

13 

5.0 

10 

19 

5.0 

9.9 


1000 

DO-41 

1N5244B 

14 

5.0 

15 

9.0 

0.1 

10 

(+0.082) 

500 

DO-35 

1N965B 

15 

5.0 

16 

8.5 

5.0 

11.4 

+ 0.082 

500 

DO-35 

1N5245B 

15 

5.0 

16 

8.5 

0.1 

11 

( + 0.082) 

500 

DO-35 

1N4744A 

15 

5.0 

14 

17 

5.0 

11.4 


1000 

DO-41 

1N966B 

16 

5.0 

17 

7.8 

5.0 

12.2 

+ 0.083 

500 

DO-35 

1N5246B 

16 

5.0 

17 

7.8 

0.1 

12 

+ (0.083) 

500 

DO-35 

1N4745A 

16 

5.0 

16 

15.5 

5.0 

12.2 


1000 

DO-41 

1N5247B 

17 

5.0 

19 

7.4 

0.1 

13 

( + 0.084) 

500 

DO-35 

1N967B 

18 

5.0 

21 

7.0 

5.0 

13.7 

+ 0.085 

500 

DO-35 

1N5248B 

18 

5.0 

21 

7.0 

0.1 

14 

(+0.085) 

500 

DO-35 

IN4746A 

18 

5.0 

20 

14 

5.0 

13.7 


1000 

DO-41 

1N5249B 

19 

5.0 

23 

6.6 

0.1 

14 

( + 0.086) 

500 

DO-35 

1N968B 

20 

5.0 

25 

6.2 

5.0 

15.2 

+ 0.086 

500 

DO-35 

1N5250B 

20 

5.0 

25 

6.2 

0.1 

15 

( + 0.086) 

500 

DO-35 

1N4747A 

20 

5.0 

22 

12.5 

5.0 

15.2 


1000 

DO-41 

1N969B 

22 

5.0 

29 

5.6 

5.0 

16.7 

+ 0.087 

500 

DO-35 

1N5251B 

22 

5.0 

29 

5.6 

0.1 

17 

(+0.087) 

500 

DO-35 

1N4748A 

22 

5.0 

23 

11.5 

5.0 



1000 

DO-41 


^Tolerance: All zener diodes are also available in ±1%, ±2%, ±10% and ±20% tolerances. 
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Zener Diodes (By Increasing Vz) 

Glass Package (Continued) 

Device 

No. 

Vz 

V 

Nom 

Tol.* 

±Vz 

% 

Zz 

n @ 

Max 

iz 

mA 

Ir 

fxA 

Max 

Vr 

V 

T.C. 

%/“C 

Typ (Max) 

Pd 

mW 

Ta = 25»C 

Package 

No. 

1N970B 

24 

5.0 

33 

5.2 

5.0 

18.2 

+ 0.088 

500 

DO-35 

1N5252B 

24 

5.0 

33 

5.2 

0.1 

18 

( + 0.088) 

500 

DO-35 

1N4749A 

24 

5.0 

25 

10.5 

5.0 

18.2 


1000 

DO-41 

1N5253B 

25 

5.0 

5 

5.0 

0.1 

19 

( + 0.089) 

500 


1N971B 

27 

5.0 

41 

4.6 

5.0 

20.6 

+ 0.090 

500 

DO-35 

1N5254B 

27 

5.0 

41 

4.6 

0.1 

21 

(+0.090) 

500 

DO-35 

1N4750A 

27 

5.0 

35 

9.5 

5.0 

20.6 


1000 

DO-41 

1N5255B 

28 

5.0 

44 

4.5 

0.1 

21 

( + 0.091) 

500 

DO-35 

1N972B 

30 

5.0 

49 

4.2 

5.0 

22.8 

+ 0.091 

500 

DO-35 

1N5256B 

30 

5.0 

49 

4.2 

0.1 

23 


500 


1N4751B 

30 

5.0 

40 

8.5 

5.0 

22.8 


1000 

DO-41 

1N973B 

33 

5.0 

58 

3.8 

5.0 

25.1 

+ 0.092 

500 

DO-35 

1N5257B 

33 

5.0 

58 

3.8 

0.1 

25 

( + 0.092) 

500 

DO-35 

1N4752A 

33 

5.0 

45 

7.5 

5.0 

25.1 


1000 

DO-41 

*Tolerance: 

All zener diodes are also available in ± 1 %, 

±2%, ±10% and ±20% tolerances. 
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National 

Semiconductor 


Military Qualified Discrete Selection Guide 


National Semiconductors’ Discrete Product Group offers a 
complete line of Hi-Reliability devices produced in modern 
production facilities in Santa Clara, California, South Port¬ 
land, Maine and Cebu, the Philippines. Although emphasis 
is placed on designing and built-in quality and reliability, a 
complete reliability screening program has been estab¬ 
lished. Many products offered in this data book are available 
in all of the following Hi-Rel configurations. 

• Hi-Rel Wafers and Die 

• Military Qualified Diodes & Transistors 

• Source Controlled Devices (SCD) 

• Custom “Level S’’ Processing 
Hi-Rel Wafers and Die 

Refer to the DICE section of this databook for information 
on WAFER and DIE available in four standard configura¬ 
tions. 


Military Qualified Diodes and Transistors 

National Semiconductor maintains qualified status for all the 
devices listed in Table I. Most devices are available in three 
standard quality levels, JAN, JANTX, and JAN TXV, as de¬ 
fined by MIL-STD-19500. 

Custom “Level S“ Processing 

Top of the line custom built and processed devices, requir¬ 
ing baseline documentation, wafer lot acceptance and 
traceability, clean room assembly and Level S process con¬ 
trols and screening are available. Consult the factory for 
details. 


TABLE I. Military Qualified Transistors and Diodes 


Qualified Products List 

Device No. 

JAN 

TX 

TXV 

1N458 

X 



1N459 

X 



1N483B 

X 

X 

X 

1N485B 

X 

X 

X 

1N486B 

X 

X 

X 

1N914 

X 

X 


1N3064 

X 

X 


1N3070 

X 

X 


1N3595 

X 

X 

X 

1N3600 

X 

X 

X 

1N4148-1 

X 

X 

X 

1N4150-1 

X 

X 

X 

1N4306 

X 

X 

X 

1N4307 

X 

X 

X 

1N4376 

X 

X 


1N4454-1 

X 

X 

X 

1N4938-1 

X 

X 


1N5768 

X 

X 

X 

1N5770 

X 

X 

X 

1N5772 

X 

X 

X 

1N5774 

X 

X 

X 

1N6100 

X 

X 

X 

1N6101 

X 

X 

X 


Qualified Products List 

Device No. 

JAN 

TX 

TXV 

2N718A 

X 

X 

X 

2N930 

X 

X 


2N1613 

X 

X 

X 

2N2218A 

X 

X 

X 

2N2219A 

X 

X 

X 

2N2221A 

X 

X 

X 

2N2060 

X 

X 


2N2222A 

X 

X 

X 

2N2369A 

X 

X 

X 

2N2484 

X 

X 

X 

2N2904A 

X 

X 

X 

2N2905A 

X 

X 

X 

2N2906A 

X 

X 

X 

2N2907A 

X 

X 

X 

2N2920 

X 

X 

X 

2N3019S 

X 

X 

X 

2N3700 

X 

X 

X 

2N6756 

X 

X 

X 

2N6758 

X 

X 

X 

2N6760 

X 

X 

X 

2N6762 

X 

X 

X 

2N6768 


X 

X 

2N6770 

1N457 

X 

X 

X 


1 
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Transistor Processes for High Speed Switching 


Transistor Processes for High Speed Switching 


1500 mA 


1000 mA 


MAXIMUM 750 mA 

COLLECTOR 

CURRENT 

SATURATED 500 mA 
MODE 


300 mA 


P70 HSS P25 HSS 

40 V PNP 40 V NPN 

P67 GPA/SW 
PNP 60 V 

PI 2 GPA/SW 
NPN 80 V 

PI 3 GPA/SW 
NPN 35 V 

P22 HSS 
15V NPN 

P63 GPA/SW 
PNP 40 V 


PI 9 GPA/SW 
NPN 40 V 


200 mA 


P21 HSS 
15V NPN 


150 mA 


P65 HSS 
12V PNP 


P66 GPA/SW P23 GPA/SW 
PNP 40 V NPN 40 V 


20 ns 25 ns 30 ns 40 ns 60 ns 200 ns 300 ns 


500 ns 


MAXIMUM Tqpp__► 

SEE DATA BOOK FOR CIRCUIT CONDITIONS 

TL/G/10013-1 
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Bipolars 

JFETs 

40 

42 

43 

44 

47 

49 

75 

50 

90 

92 

PREAMPLIFIERS 











> 500 MHz 

• 










200 MHz-500 MHz 

• 

• 






• 

• 


200 MHz-500 MHz with AGC 




• 







50 MHz-250 MHz 


• 


• 

• 


• 

• 

• 

• 

50 MHz-250 MHz with AGC 




• 







20 MHz-120 MHz 




• 

• 

• 

• 

• 

• 

• 

MIXERS 











Input > 500 MHz 

• 










Input 200 MHz-500 MHz 

• 

• 



• 



• 

• 


Input 50 MHz-250 MHz 

• 

• 


• 

• 

• 


• 

• 


Input 20 MHz-120 MHz 


• 


• 

• 

• 


• 

• 


LOC OSC 











> 500 MHz Mech. Tuned 

• 

• 

• 








> 500 MHz Varactor 

• 

• 









200 MHz-500 MHz Mech. Tuned 


• 

• 


• 






200 MHz-500 MHz Varactor 

• 

• 



• 






50 MHz-250 MHz 


• 

• 


• 


• 




20 MHz-120 MHz 



• 


• 


• 




IF AMPS 











< 75 MHz 

• 

• 



• 

e 


• 

e 


< 15 MHz 



• 

e 

• 

• 


• 



< 75 MHz with AGC 




• 







< 15 MHz with AGC 




• 







< 75 MHz Last Stage 





• 

e 




• 

< 15 MHz Last Stage 






e 


• 


• 

SPECIAL USES 











200 MHz-500 MHz < 1.0 mA Bias 


B 



B 


B 




50 MHz-250 MHz < 1.0 mA Bias 











200 MHz-500 MHz, 5 mA-15 mA Linear IF 











50 MHz-250 MHz, 5 mA-15 mA Linear IF 










• 

< 120 MHz/15 mA Wideband RF 





mm 





• 

VHF Freq. Generator and/or 





B 






Multiplier to 75 mW Levels 


IBI 


mM 
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NPN GPA Transistor Processes 



200 mA 

100 mA 

P37 GPA 

DRIVER 

P38 GPA 

DRIVER 








P36 HIGH 




50 mA 

PI 3 GPA/SW 

P39 GPA 
DRIVER 


VOLTAGE 



PI 2 GPA 






30 mA 

PI 9 GPA/SW 

PI0 GPA P11 GPA 





CONTINUOUS 

OPERATION 

TYPICAL 

20 mA 




P48 HIGH 



COLLECTOR 

15 mA 





VOLTAGE 

CURRENT 

P23 GPA/SW j 






10 mA 

1 

1 

1 

1 


PI 6 HIGH 




8 mA 

1 

SEE NPN-RF * 

1 


VOLTAGE 




5 mA 

2 mA 

1 

1 

1 P07 LOW 

1 LEVEL/LOW 

1 NOISE AMP 

1 

1 







25V 40V 45V 60V 80V 


120V 

220V 

300V 


COLLECTOR BREAKDOWN VOLTAGE 
BVceo--► 


TL/G/10013-3 
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PNP GPA Transistor Processes 


CONTINUOUS 

OPERATION 

TYPICAL 

COLLECTOR 

CURRENT 


PNP GPA Transistor Processes 


200 mA 

P77 GPA 
DRrVER 



100 mA 



P78 GPA 
DRIVER 

50 mA 




30 mA 


P63 GPA/SW 


20 mA 


P68 GPA 

P69 GPA 

15 mA 


P66 GPA/SW 


10 mA 




8 mA 


P68 LOW 
LEVEL/LOW 
NOISE AMP 


5 mA 




2 mA 



P62 LOW 
LEVEL/LOW 
NOISE AMP 


-20 V -40 V -60 V -80 V 


P79 GPA-HIGH 
VOLTAGE DRIVER 


P74 HIGH 
VOLTAGE 


-100V -120V 


P76 HIGH 
VOLTAGE 


-180 V -250 V 


COLLECTOR BREAKDOWN VOLTAGE 
BVceo-► 


TL/G/10013-5 






Choose the Proper FET 

National Semiconductor utilizes 17 different FET geome¬ 
tries to cover, without compromise, the full spectrum of ap¬ 
plications. Detailed data on each process, along with a list 
of all part numbers manufactured from each process, is to 
be found in Section 9. 


To further simplify the selection procedure, the FET Family 
Tree is included for quick identification. After narrowing 
down the process types, it is suggested that the process 
sheets and specific part number characteristics be consult¬ 
ed. 


FET FAMILY TREE 



TL/G/10013-6 
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JFET Process Comparison Curves 


Dual FET Drain 
Saturation Current 
vs Cutoff Voltage 


-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 
Vgsioff) - gate-source CUTOFF VOLTAGE (V) 

Single FET 

Transconductance vs 
Cutoff Voltage 



-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 
Vgsioffi - GATE SOURCE CUTOFF VOLTAGE (V) 


On Resistance 
vs Cutoff Voitage 



0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 
Vgsioff. - GATE SOURCE CUTOFF VOLTAGE (VI 


Singie FET Drain 
Saturation Current 
vs Cutoff Voltage 



-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 
Vgs(offi - GATE SOURCE CUTOFF VOLTAGE (V) 

Dual FET Gate 
Leakage Current 
vs Drain-Gate Voitage 








— 

— 

l±7(»96^PB3=^ 







— 


y- — -r— f - 



-r- 

_ 


P94(C) 

— 

— 

- ■ 

_ 

__ 

1 


0 5 10 15 20 25 30 35 

VoQ - DRAIN-GATE VOLTAGE (V) 

Single P-Channei FET 
Process Distribution 
loss vs gfs 


B 


■■in 

m^mmm 

■II 

\WM 

rMm 

Sii 

fiiii 

leiiB 

■11 

■jii 


iS 

mm^m 

sii 


iii 

■11 

BB 

iiBi 

HI! 


0.01 0.5 1 5 10 50 10 

Oh - TRANSCONOUCTANCE (mmho) 

Monoiithic Dual 
FET Process 
Distribution loss vs gfs 




Duai FET 

Transconductance vs 
Cutoff Voltage 



-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 
Vgsioffi - GATE-SOURCE CUTOFF VOLTAGE (V) 

Single FET Gate 
Leakage Current 
vs Drain-Gate Voltage 



0 5 10 IS 20 25 30 35 

Vdg - DRAIN-GATE VOLTAGE (V) 

Single N-Channel FET 
Process Distribution 
loss vs gfs 


1 0.5 1 5 10 50 100 

gn - TRANSCONOUCTANCE (mmho) 


O.t 0.5 1 5 10 50 100 

91 , - TRANSCONOUCTANCE immhoi 
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Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

2N2386-5 

P 

TO-5 


2N5462-5 

8991 

TO-92 

2N3365 

N 

TO-18 


2N4340 

5202 

TO-18 

2N2386A 

P 

TO-5 


2N5462-5 

8991 

TO-92 

2N3368 

N 

TO-18 

2N3368 


5202 

TO-18 

2N2497 

P 

TO-5 


2N3329-5 

8923 

TO-72 

2N3369 

N 

TO-18 

2N3369 


5202 

TO-18 

2N2498 

P 

TO-5 


2N3330-5 

8923 

TO-72 

2N3370 

N 

TO-18 

2N3370 


5202 

TO-18 

2N2499 

P 

TO-5 


2N3331-5 

8923 

TO-72 

2N3376 

P 

TO-72 


2N3329 

8923 

TO-72 

2N2500 

P 

TO-5 


2N3332-5 

8923 

TO-72 

2N3378 

P 

TO-72 


2N3330 

8923 

TO-72 

2N2606 

P 

TO-18 


2N5020 

8911 

TO-18 

2N3380 

P 

TO-72 


2N3331 

8923 

TO-72 

2N2607 

P 

TO-18 


2N5020 

8911 

TO-18 

2N3382 

P 

TO-72 


2N5116 

8811 

TO-72 

2N2608 

P 

TO-18 

2N2608 


8911 

TO-18 

2N3384 

P 

TO-72 


2N5115 

8811 

TO-72 

2N2609 

P 

TO-18 

2N2609 


8911 

TO-18 

2N3386 

P 

TO-72 


2N5114 

8811 

TO-72 

2N2843 

P 

TO-18 


2N5020 

8911 

TO-18 

2N3436 

N 

TO-18 


2N4222 

5525 

TO-72 

2N2844 

P 

TO-18 


2N5020 

8911 

TO-18 

2N3437 

N 

TO-18 


2N3968 

5525 

TO-72 

2N3066 

N 

TO-18 


2N4340 

5202 

TO-18 

2N3438 

N 

TO-18 


2N5358 

5525 

TO-72 

2N3067 

N 

TO-18 


2N4338 

5202 

TO-18 

2N3453 

N 

TO-72 


2N4119 

5325 

TO-72 

2N3068 

N 

TO-18 


2N4338 

5202 

TO-18 

2N3454 

N 

TO-72 


2N4117 

5325 

TO-72 

2N3069 

N 

TO-18 

2N3069 


5202 

TO-18 

2N3457 

N 

TO-72 


2N4117 

5325 

TO-72 

2N3070 

N 

TO-18 

2N3071 


5202 

TO-18 

2N3458 

N 

TO-18 

2N3458 


5202 

TO-18 

2N3071 

N 

TO-18 

2N3071 


5202 

TO-18 

2N3459 

N 

TO-18 

2N3459 


5202 

TO-18 

2N3084 

N 

TO-5 


2N4340-5 

5202 

TO-18 

2N3460 

N 

TO-18 

2N3460 


5202 

TO-18 

2N3085 

N 

TO-18 


2N4340 

5202 

TO-18 

2N3578 

P 

TO-18 


2N2608 

8911 

TO-18 

2N3086 

N 

TO-5 


2N4340 

5202 

TO-18 

2N3684 

N 

TO-72 

2N3684 


5225 

TO-72 

2N3087 

N 

TO-18 


2N4340 

5202 

TO-18 

2N3684A 

N 

TO-72 


2N3684 

5225 

TO-72 

2N3088 

N 

TO-5 


2N4339-5 

5202 

TO-18 

2N3685 

N 

TO-72 

2N3685 


5225 

TO-72 

2N3088A 

N 

TO-5 


2N4339-5 

5202 

TO-18 

2N3685A 

N 

TO-72 


2N3685 

5225 

TO-72 

2N3089 

N 

TO-18 


2N4339 

5202 

TO-18 

2N3686 

N 

TO-72 

2N3686 


5225 

TO-72 

2N3089A 

N 

TO-18 


2N4339 

5202 

TO-18 

2N3686A 

N 

TO-72 


2N3686A 

5225 

TO-72 

2N3329 

P 

TO-72 

2N3329 


8923 

TO-72 

2N3687 

N 

TO-72 

2N3687 


5225 

TO-72 

2N3330 

P 

TO-72 

2N3330 


8923 

TO-72 

2N3687A 

N 

TO-72 


2N3687 

5225 

TO-72 

2N3331 

P 

TO-72 

2N3331 


8923 

TO-72 

2N3819 

N 

TO-92 

2N3819 


5094 

TO-92 

2N3332 

P 

TO-72 

2N3332 


8923 

TO-72 

2N3820 

P 

TO-92 

2N3820 


8994 

TO-92 


apmo aouajaiay ssojq ijip 
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Industry 

P/N 

Polarity 

Package 

Direct 

Repiacement 

Ciosest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

2N3821 

N 

TO-72 

2N3821 


5525 

TO-72 

2N4118 

N 

TO-72 

2N4118 


5352 

TO-72 

2N3822 

N 

TO-72 

2N3822 


5525 

TO-72 

2N4118A 

N 

TO-72 

2N4118A 


5325 

TO-72 

2N3823 

N 

TO-72 

2N3823 


5505 

TO-72 

2N4119 

N 

TO-72 

2N4119 


5325 

TO-72 

2N3824 

N 

TO-72 

2N3824 


5525 

TO-72 

2N4119A 

N 

TO-72 

2N4119A 


5325 

TO-72 

2N3909 

P 

TO-72 


2N3820 

8994 

TO-92 

2N4139 

N 

TO-18 


2N5363 

5525 

TO-72 

2N3909A 

P 

TO-72 


2N5462 

8991 

TO-92 

2N4220 

N 

TO-72 

2N4220 


5525 

TO-72 

2N3921 

N 

TO-71 


2N3921 

8312 

TO-71 

2N4220A 

N 

TO-72 

2N4220A 


5525 

TO-72 

2N3922 

N 

TO-71 

2N3922 


8312 

TO-71 

2N4221 

N 

TO-72 

2N4221 


5525 

TO-72 

2N3954 

N 

TO-71 

2N3954 


8312 

TO-71 

2N4221A 

N 

TO-72 

2N4221A 


5525 

TO-72 

2N3955 

N 

TO-71 

2N3955 


8312 

TO-71 

2N4222 

N 

TO-72 

2N4222 


5225 

TO-72 

2N3955A 

N 

TO-71 

2N3955A 


8312 

TO-71 

2N4222A 

N 

TO-72 

2N4222A 


5225 

TO-72 

2N3956 

N 

TO-71 

2N3956 


8312 

TO-71 

2N4223 

N 

TO-72 

2N4223 


5025 

TO-72 

2N3957 

N 

TO-71 

2N3957 


8312 

TO-71 

2N4224 

N 

TO-72 

2N4224 


5025 

TO-72 

2N3958 

N 

TO-71 

2N3958 


8312 

TO-71 

2N4302 

N 

TO-106 

PN4302-18 


5292 

TO-92 

2N3966 

N 

TO-72 

2N3966 


5029 

TO-72 

2N4303 

N 

TO-106 

PN4303-18 


5292 

TO-92 

2N3967 

N 

TO-72 

2N3967 


5225 

TO-72 

2N4304 

N 

TO-106 

PN4304-18 


5292 

TO-92 

2N3967A 

N 

TO-72 

2N3967A 


5525 

TO-72 

2N4338 

N 

TO-18 

2N4338 


5202 

TO-18 

2N3968 

N 

TO-72 

2N3968 


5525 

TO-72 

2N4339 

N 

TO-18 

2N4339 


5202 

TO-18 

2N3968A 

N 

TO-72 

2N3968A 


5525 

TO-72 

2N4340 

N 

TO-18 

2N4340 


5202 

TO-18 

2N3969 

N 

TO-72 

2N3969 


5525 

TO-72 

2N4341 

N 

TO-18 

2N4341 


5202 

TO-18 

2N3969A 

N 

TO-72 

2N3969A 


5525 

TO-72 

2N4342 

P 

TO-106 

PN4342-18 


8991 

TO-92 

2N3970 

N 

TO-18 

2N3970 


5102 

TO-18 

2N4360 

P 

TO-106 

PN4360-18 


8991 

TO-92 

2N3971 

N 

TO-18 

2N3971 


5102 

TO-18 

2N4381 

P 

TO-18 

2N4318 


8991 

TO-92 

2N3972 

N 

TO-18 

2N3972 


5102 

TO-18 

2N4382 

P 

TO-18 

2N5115 


8811 

TO-18 

2N3993 

P 

TO-72 



8811 

TO-72 

2N4391 

N 

TO-18 

2N4391 


5102 

TO-18 

2N3993A 

P 

TO-72 


2N5116 

8811 

TO-72 

2N4392 

N 

TO-18 

2N4392 


5102 

TO-18 

2N3994 

P 

TO-72 


2N5116 

8811 

TO-72 

2N4393 

N 

TO-18 

2N4393 


5102 

TO-18 

2N3994A 

P 

TO-72 


2N5116 

8811 

TO-72 

2N4416 

N 

TO-72 

2N4416 


5025 

TO-72 

2N4084 

N 

TO-71 

2N4084 


8312 

TO-71 

2N4416A 

N 

TO-72 

2N4416A 


5025 

TO-72 

2N4085 

N 

TO-71 

2N4085 


8312 

TO-71 

2N4445 

N 

TO-18 


2N5432 

5807 

TO-52 

2N4091 

N 

TO-18 

2N4091 


5102 

TO-18 

2N4446 

N 

TO-18 


2N5433 

5807 

TO-52 

2N4092 

N 

TO-18 

2N4092 


5102 

TO-18 

2N4447 

N 

TO-18 


2N5432 

5807 

TO-52 

2N4093 

N 

TO-18 

2N4093 


5102 

TO-18 

2N4448 

N 

TO-18 


2N5433 

5807 

TO-52 

2N4117 

N 

TO-72 

2N4117 


5325 

TO-72 

2N4856 

N 

TO-18 

2N4856 


5102 

TO-18 

2N4117A 

N 

TO-72 

2N4117A 


5325 

TO-72 

2N4856A 

N 

TO-18 

2N4856A 


5102 

TO-18 
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industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

2N4857 

N 

TO-18 

2N4857 


5102 

TO-18 

2N5197 

N 

TO-71 

2N5197 


8312 

TO-18 

2N4857A 

N 

TO-18 

2N4857A 


5102 

TO-18 

2N5198 

N 

TO-71 

2N5198 


8312 

TO-18 

2N4858 

N 

TO-18 

2N4858 


5102 

TO-18 

2N5199 

N 

TO-71 

2N5199 


8312 

TO-18 

2N4858A 

N 

TO-18 

2N4858A 


5102 

TO-18 

2N5245 

N 

TO-106 

2N5245-18 


9097 

TO-92 

2N4859 

N 

TO-18 

2N4859 


5102 

TO-18 

2N5246 

N 

TO-106 

2N5246-18 


9097 

TO-92 

2N4859A 

N 

TO-18 

2N4859A 


5102 

TO-18 

2N5247 

N 

TO-106 

2N5247-18 


9097 

TO-92 

2N4860 

N 

TO-18 

2N4860 


5102 

TO-18 

2N5248 

N 

TO-92 

2N5248 


5094 

TO-92 

2N4860A 

N 

TO-18 

2N4860A 


5102 

TO-18 

2N5358 

N 

TO-72 

2N5358 


5525 

TO-72 

2N4861 

N 

TO-18 

2N4861 


5102 

TO-18 

2N5359 

N 

TO-72 

2N5359 


5525 

TO-72 

2N4861A 

N 

TO-18 

2N4861A 


5102 

TO-18 

2N5360 

N 

TO-72 

2N5360 


5525 

TO-72 

2N4867 

N 

TO-72 


2N4339 

5202 

TO-18 

2N5361 

N 

TO-72 

2N5361 


5525 

TO-72 

2N4868 

N 

TO-72 


2N3459 

5202 

TO-18 

2N5362 

N 

TO-72 

2N5362 


5525 

TO-72 

2N4869 

N 

TO-72 


2N4341 

5702 

TO-18 

2N5363 

N 

TO-72 

2N5363 


5525 

TO-72 

2N4977 

N 

TO-18 


2N5432 

5807 

TO-52 

2N5364 

N 

TO-72 

2N5364 


5525 

TO-72 

2N4978 

N 

TO-18 


2N5433 

5807 

TO-52 

2N5397 

N 

TO-72 

2N5397 


9025 

TO-72 

2N4979 

N 

TO-18 


2N5434 

5807 

TO-52 

2N5398 

N 

TO-72 

2N5398 


9025 

TO-72 

2N5018 

P 

TO-18 

2N5018 


8811 

TO-18 

2N5432 

N 

TO-18 

2N5432 


5807 

TO-72 

2N5019 

P 

TO-18 

2N5019 


8811 

TO-18 

2N5433 

N 

TO-18 

2N5433 


5807 

TO-72 

2N5020 

P 

TO-18 

2N5020 


8811 

TO-18 

2N5434 

N 

TO-18 

2N5434 


5807 

TO-72 

2N5021 

P 

TO-18 

2N5021 


8991 

TO-92 

2N5452 

N 

TO-71 

2N5452 


8312 

TO-71 

2N5033 

P 

TO-106 

PN5033-18 


8991 

TO-92 

2N5453 

N 

TO-71 

2N5453 


8312 

TO-71 

2N5045 

N 

TO-71 

2N5045 


8312 

TO-71 

2N5454 

N 

TO-71 

2N5454 


8312 

TO-71 

2N5046 

N 

TO-71 

2N5046 


8312 

TO-71 

2N5457 

N 

TO-92 

2N5457 


5592 

TO-92 

2N5047 

N 

TO-71 

2N5047 


8312 

TO-71 

2N5458 

N 

TO-92 

2N5458 


5592 

TO-92 

2N5078 

N 

TO-72 

2N5078 


5025 

TO-72 

2N5459 

N 

TO-92 

2N5459 


5592 

TO-92 

2N5103 

N 

TO-72 

2N5103 


5025 

TO-72 

2N5460 

P 

TO-92 

2N5460 


8991 

TO-92 

2N5104 

N 

TO-72 

2N5104 


5025 

TO-72 

2N5461 

P 

TO-92 

2N5461 


8991 

TO-92 

2N5105 

N 

TO-72 

2N5105 


5025 

TO-72 

2N5462 

P 

TO-92 

2N5462 


8991 

TO-92 

2N5114 

P 

TO-18 

2N5114 


8811 

TO-18 

2N5471 

P 

TO-72 


2N5020 

8911 

TO-18 

2N5115 

P 

TO-18 

2N5115 


8811 

TO-18 

2N5472 

P 

TO-72 


2N5020 

8911 

TO-18 

2N5116 

P 

TO-18 

2N5116 


8811 

TO-18 

2N5473 

P 

TO-72 


2N5020 

8911 

TO-18 

2N5158 

N 

TO-18 


2N5433 

8807 

TO-52 

2N5474 

P 

TO-72 


2N5020 

8911 

TO-18 

2N5159 

N 

TO-18 


2N5432 

5807 

TO-52 

2N5475 

P 

TO-72 


2N5020 

8911 

TO-18 

2N5163 

N 

TO-106 

PN5163-18 


5072 

TO-18 

2N5476 

P 

TO-72 


2N5020 

8911 

TO-18 

2N5196 

N 

TO-71 

2N5196 


8312 

TO-18 

2N5484 

N 

TO-92 

2N5484 


5092 

TO-92 


apmo aouajaiau ssojq igjp 
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Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

2N5485 

N 

TO-92 

2N5485 


5092 

TO-92 

2N5669 

N 

TO-92 

2N5668 


5092 

TO-92 

2N5486 

N 

TO-92 

2N5486 


5092 

TO-92 

2N5670 

N 

TO-92 

2N5670 


5092 

TO-92 

2N5515 

N 

TO-71 

2N5515 


9512 

TO-71 

2N5717 

N 

TO-92 


PN3686 

5292 

TO-92 

2N5516 

N 

TO-71 

2N5516 


9512 

TO-71 

2N5718 

N 

TO-92 


PN4302 

5292 

TO-92 

2N5517 

N 

TO-71 

2N5517 


9512 

TO-71 

2N5801 

N 

TO-92 


J210 

9092 

TO-92 

2N5518 

N 

TO-71 

2N5518 


9512 

TO-71 

2N5802 

N 

TO-92 


J212 

9092 

TO-92 

2N5519 

N 

TO-71 

2N5519 


9512 

TO-71 

2N5902 

N 

TO-78 

2N5902 


8424 

TO-78 

2N5520 

N 

TO-71 

2N5520 


9512 

TO-71 

2N5903 

N 

TO-78 

2N5903 


8424 

TO-78 

2N5521 

N 

TO-71 

2N5521 


9512 

TO-71 

2N5904 

N 

TO-78 

2N5904 


8424 

TO-78 

2N5522 

N 

TO-71 

2N5522 


9512 

TO-71 

2N5905 

N 

TO-78 

2N5905 


8424 

TO-78 

2N5523 

N 

TO-71 

2N5523 


9512 

TO-71 

2N5906 

N 

TO-78 

2N5906 


8424 

TO-78 

2N5524 

N 

TO-71 

2N5524 


9512 

TO-71 

2N5907 

N 

TO-78 

2N5907 


8424 

TO-78 

2N5545 

N 

TO-71 

2N5545 


8312 

TO-71 

2N5908 

N 

TO-78 

2N5908 


8424 

TO-78 

2N5546 

N 

TO-71 

2N5546 


8312 

TO-71 

2N5909 

N 

TO-78 

2N5908 


8424 

TO-78 

2N5547 

N 

TO-71 

2N5547 


8312 

TO-71 

2N5911 

N 

TO-78 

2N5911 


9324 

TO-78 

2N5549 

N 

TO-72 


2N5397 

9025 

TO-72 

2N5912 

N 

TO-78 

2N5912 


9324 

TO-78 

2N5555 

N 

TO-92 

2N5555 


5092 

TO-92 

2N5949 

N 

TO-106 

2N5949-18 


5097 

TO-92 

2N5556 

N 

TO-72 

2N5556 


5025 

TO-72 

2N5950 

N 

TO-106 

2N5950-18 


5097 

TO-92 

2N5557 

N 

TO-72 

2N5557 


5025 

TO-72 

2N5951 

N 

TO-106 

2N5951-18 


5097 

TO-92 

2N5558 

N 

TO-72 

2N5558 


5025 

TO-72 

2N5952 

N 

TO-106 

2N5952-18 


5097 

TO-92 

2N5561 

N 

TO-71 

2N5561 


9812 

TO-71 

2N5953 

N 

TO-106 

2N5953-18 


5097 

TO-92 

2N5562 

N 

TO-71 

2N5562 


9812 

TO-71 

2N6483 

N 

TO-71 

2N6483 


9512 

TO-71 

2N5563 

N 

TO-71 

2N5563 


9812 

TO-71 

2N6484 

N 

TO-71 

2N6484 


9512 

TO-71 

2N5564 

N 

TO-71 

2N5564 


9612 

TO-71 

2N6485 

N 

TO-71 

2N6485 


9512 

TO-71 

2N5565 

N 

TO-71 

2N5565 


9612 

TO-71 

2SK11 

N 

TO-72 


2N3459 

5202 

TO-18 

2N5566 

N 

TO-71 

2N5566 


9612 

TO-71 

2SK12 

N 

TO-72 


2N4340 

5202 

TO-18 

2N5592 

N 

TO-72 


PN5163-18 

5092 

TO-92 

2SK13 

N 

TO-72 


2N4340 

5202 

TO-18 

2N5593 

N 

TO-72 


PN5163-18 

5092 

TO-92 

2SK15 

N 

TO-72 


2N4340 

5202 

TO-18 

2N5594 

N 

TO-72 


PN5163-18 

5092 

TO-92 

2SK19 

N 

TO-106 


2N5485-18 

5092 

TO-92 

2N5638 

N 

TO-92 

2N5638 


5192 

TO-92 

2SK30 

N 

TO-92 


PN4304 

5292 

TO-92 

2N5639 

N 

TO-92 

2N5639 


5192 

TO-92 

2SK37 

N 

B-69 


2N5484 

5092 

TO-92 

2N5640 

N 

TO-92 

2N5640 


5192 

TO-92 

2SK48 

N 

TO-72 


2N3686 

5225 

TO-72 

2N5653 

N 

TO-92 

2N5653 


5192 

TO-92 

2SK68 

N 

TO-92 


PF5101 

5192 

TO-92 

2N5654 

N 

TO-92 

2N5654 


5192 

TO-92 

3SK22 

N 

TO-72 


2N5078 

5025 

TO-72 

2N5668 

N 

TO-92 

2N5668 


5092 

TO-92 

3SK23 

N 

TO-72 


2N5397 

9025 

TO-72 
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Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

3SK28 

N 

TO-72 


2N5078 

5025 

TO-72 

El 03 

N 

TO-106 

J203-18 


5292 

TO-92 

A5T3821 

N 

TO-92 

2N3821 


5525 

TO-72 

E106 

N 

TO-106 


J108-18 

5892 

TO-92 

A5T3822 

N 

TO-92 

2N3822 


5525 

TO-72 

El 07 

N 

TO-106 


J108-18 

5892 

TO-92 

A5T3823 

N 

TO-92 

2N3823 


5029 

TO-72 

El 08 

N 

TO-106 

J108-18 


5892 

TO-92 

A5T3824 

N 

TO-92 

2N3824 


5525 

TO-72 

El 09 

N 

TO-106 

J109-18 


5892 

TO-92 

A5T5460 

P 

TO-92 

2N5460 


8991 

TO-92 

Elio 

N 

TO-106 

J110-18 


5892 

TO-92 

A5T5461 

P 

TO-92 

2N5461 


8991 

TO-92 

E111 

N 

TO-106 

J111-18 


5192 

TO-92 

A5T5462 

P 

TO-92 

2N5462 


8991 

TO-92 

El 12 

N 

TO-106 

J112-18 


5192 

TO-92 

BC264A 

N 

TO-92 

BC264A 


5097 

TO-92 

E113 

N 

TO-106 

J113-18 


5192 

TO-92 

BC264B 

N 

TO-92 

BC264B 


5097 

TO-92 

E114 

N 

TO-106 

J114-18 


9092 

TO-92 

BC264C 

N 

TO-92 

BC264C 


5097 

TO-92 

El 74 

N 

TO-106 

J174-18 


8894 

TO-92 

BC264D 

N 

TO-92 

BC264D 


5097 

TO-92 

El 75 

N 

TO-106 

J175-18 


8894 

TO-92 

BF244A 

N 

TO-92 

BF244A 


5094 

TO-92 

El 76 

N 

TO-106 

J176-18 


8894 

TO-92 

BF244B 

N 

TO-92 

BF244B 


5094 

TO-92 

El 77 

N 

TO-106 

J177-18 


8894 

TO-92 

BF244C 

N 

TO-92 

BF244C 


5094 

TO-92 

E201 

N 

TO-106 

J201-18 


5292 

TO-92 

BF245A 

N 

TO-92 

BF245A 


5097 

TO-92 

E202 

N 

TO-106 

J202-18 


5292 

TO-92 

BF245B 

N 

TO-92 

BF245B 


5097 

TO-92 

E203 

N 

TO-106 

J203-18 


5292 

TO-92 

BF245C 

N 

TO-92 

BF245C 


5097 

TO-92 

E204 

N 

TO-106 


PN4220-18 

5592 

TO-92 

BF246A 

N 

TO-92 

BF246A 


5194 

TO-92 

E210 

N 

TO-106 

J210-18 


9092 

TO-92 

BF246B 

N 

TO-92 

BF246B 


5194 

TO-92 

E211 

N 

TO-106 

J211-18 


9092 

TO-92 

BF246C 

N 

TO-92 

BF246C 


5194 

TO-92 

E212 

N 

TO-106 

J212-18 


9092 

TO-92 

BF247A 

N 

TO-92 

BF247A 


5197 

TO-92 

E230 

N 

TO-106 


PN3821-18 

5292 

TO-92 

BF247B 

N 

TO-92 

BF247B 


5197 

TO-92 

E231 

N 

TO-106 


PN3684-18 

5292 

TO-92 

BF247C 

N 

TO-92 

BF247C 


5197 

TO-92 

E232 

N 

TO-106 


J203-18 

5292 

TO-92 

BF256A 

N 

TO-92 

BF256A 


5097 

TO-92 

E270 

P 

TO-106 

J270-18 


8894 

TO-92 

BF256B 

N 

TO-92 

BF256B 


5097 

TO-92 

E271 

P 

TO-106 

J271-18 


8894 

TO-92 

BF256C 

N 

TO-92 

BF256C 


5097 

TO-92 

E300 

N 

TO-106 

J300-18 


9092 

TO-92 

BFW10 

N 

TO-72 


2N4224 

5025 

TO-72 

E304 

N 

TO-106 

J304-18 


5092 

TO-92 

BFW11 

N 

TO-72 


2N5558 

5025 

TO-72 

E305 

N 

TO-106 

J305-18 


5092 

TO-92 

BFW61 

N 

TO-72 


2N4224 

5025 

TO-72 

E308 

N 

TO-106 

J308-18 


9292 

TO-92 

BSV78 

N 

TO-18 


2N4856 

5102 

TO-18 

E309 

N 

TO-106 

J309-18 


9292 

TO-92 

BSV79 

N 

TO-18 


2N4857 

5102 

TO-18 

E310 

N 

TO-106 

J310-18 


9292 

TO-92 

BSV80 

N 

TO-18 


2N4858 

5102 

TO-18 

E311 

N 

TO-106 

J309 


9292 

TO-92 

E101 

N 

TO-106 

J201-18 


5292 

TO-92 

E312 

N 

TO-106 


J310-18 

9292 

TO-92 

El 02 

N 

TO-106 

J202-18 


5292 

TO-92 

E430 

N 

TO-71 


2N5566 

9612 

TO-71 
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Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 
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Replacement 
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Package 

Type 

Industry 
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Direct 
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Closest 
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Replacement 

Process 

Package 

Package 

Type 

ESM4091 

N 

FO-18 

2N4091 


5102 

TO-18 

ITE4867 

N 

TO-106 


PN3686-18 

5292 

TO-92 

ESM4093 

N 

FO-18 

2N4091 


5102 

TO-18 

ITE4868 

N 

TO-106 


PN3685-18 

5292 

TO-92 

ESM4302 

N 

FO-18 

PN4302-18 


5292 

TO-92 

J108 

N 

TO-92 

J108 


5892 

TO-92 

ESM4303 

N 

FO-18 

PN4303-18 


5292 

TO-92 

J109 

N 

TO-92 

J109 


5892 

TO-92 

ESM4304 

N 

FO-18 

PN4304-18 


5292 

TO-92 

J110 

N 

TO-92 

J110 


5892 

TO-92 

FT0654A 

N 



2N3824 

5525 

TO-72 

Jill 

N 

TO-92 

Jill 


5192 

TO-92 

FT0654B 

N 



2N3824 

5525 

TO-72 

J111A 

N 

TO-92 


PN4091 

5192 

TO-92 

FT0654C 

N 



2N4221 

5202 

TO-18 

J112 

N 

TO-92 

J112 


5192 

TO-92 

FT3820 

P 

TO-18 

2N3820-18 


8994 

TO-92 

J112A 

N 

TO-92 


PN4092 

5192 

TO-92 

GET5457 

N 


2N5457 


5592 

TO-92 

J113 

N 

TO-92 

J113 


5192 

TO-92 

GET5458 

N 


2N5458 


5592 

TO-92 

J113A 

N 

TO-92 


PN4093 

5192 

TO-92 

GET5459 

N 


2N5459 


5592 

TO-92 

J114 

N 

TO-92 

J114 


9092 

TO-92 

IMF3954 

N 

TO-71 


2N3954 

8312 

TO-71 

J174 

N 

TO-92 

J174 


8894 

TO-92 

IMF3954A 

N 

TO-71 


2N3954A 

8312 

TO-71 

J175 

P 

TO-92 

J175 


8894 

TO-92 

IMF3955 

N 

TO-71 


2N3955 

8312 

TO-71 

J176 

P 

TO-92 

J176 


8894 

TO-92 

IMF3956 

N 

TO-71 


2N3956 

8312 

TO-71 

J177 

P 

TO-92 

J177 


8894 

TO-92 

1MF3957 

N 

TO-71 


2N3957 

8312 

TO-71 

J201 

N 

TO-92 

J201 


5292 

TO-92 

IMF3958 

N 

TO-71 


2N3958 

8312 

TO-71 

J202 

N 

TO-92 

J202 


5294 

TO-92 

IMF6485 

N 

TO-71 


2N6485 

9512 

TO-71 

J203 

N 

TO-92 

J203 


5292 

TO-92 

IT101 

P 

TO-18 


2N5114 

8811 

TO-18 

J210 

N 

TO-92 

J210 


9092 

TO-92 

IT108 

N 



2N5486 

5092 

TO-92 

J211 

N 

TO-92 

J211 


9092 

TO-92 

ITE3066 

N 

TO-106 


2N4340 

5202 

TO-18 

J212 

N 

TO-92 

J212 


9092 

TO-92 

ITE3067 

N 

TO-106 


2N4338 

5202 

TO-18 

J230 

N 

TO-92 


J202 

5292 

TO-92 

ITE3068 

N 

TO-106 


2N4338 

5202 

TO-18 

J231 

N 

TO-92 


J202 

5292 

TO-92 

ITE4117 

N 

TO-106 

PN4117-18 


5392 j 

TO-92 

J232 

N 

TO-92 


J203 

5292 

TO-92 

ITE4118 

N 

TO-106 

PN4118-18 


5392 

TO-92 

J270 

P 

TO-92 

J270 


8894 

TO-92 

ITE4119 

N 

TO-106 

PN4119-18 


5392 

TO-92 

J271 

P 

TO-92 

J271 


8894 

TO-92 

ITE4338 

N 

TO-106 


2N4338 

5202 

TO-18 

J300 

N 

TO-92 

J300 


9092 

TO-92 

ITE4339 

N 

TO-106 


2N4339 

5202 

TO-18 

J304 

N 

TO-92 

J304 


5092 

TO-92 

ITE4340 

N 

TO-106 


2N4340 1 

5202 

TO-18 

J305 

N 

TO-92 

J305 


5092 

TO-92 

ITE4341 

N 1 

TO-106 


2N4391 I 

5202 

TO-18 

J308 

N 

TO-92 

J308 


9292 

TO-92 

ITE4391 

N 

TO-106 

PN4391-18 


5192 

TO-92 

J309 

N 

TO-92 

J309 


9292 

TO-92 

ITE4392 

N 

TO-106 

PN4392-18 


5192 

TO-92 

J310 

N 

TO-92 

J310 


9292 

TO-92 

iTE4393 

N 

TO-106 

PN4393-18 


5192 

TO-92 

J401 

N 

MiniDIP 

J401 


9860 

MiniDiP 

ITE4416 1 

N j 

TO-106 

PN4416-18 


5092 

TO-92 

J402 

N 

MiniDiP 

J402 


9860 

MiniDiP 
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Replacement 
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Package 
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J403 

N 

MiniDIP 

J403 


9860 

MiniDIP 

J5105 

N 

TO-92 


J304 

5092 

TO-92 

J404 

N 

MiniDIP 

J404 


9860 

MiniDIP 

K114-18 

N 



J114 

9092 

TO-92 

J405 

N 

MiniDIP 

J405 


9860 

MiniDIP 

K210-18 

N 


J210-18 


9092 

TO-92 

J406 

N 

MiniDIP 

J406 


9860 

MiniDIP 

K211-18 

N 


J211-18 


9092 

TO-92 

J410 

N 

MiniDIP 

J410 


8360 

MiniDIP 

K212-18 

N 


J212-18 


9092 

TO-92 

J411 

N 

MiniDIP 

J411 


8360 

MiniDIP 

K300-18 

-1 

N 


J300-18 


9092 

TO-92 

J412 

N 

MiniDIP 

J412 


8360 

MiniDIP 

K304-18 

N 


J304-18 


5092 

TO-92 

J3970 

N 

TO-92 


PN4391 

5192 

TO-92 

K305-18 

N 


J305-18 


5092 

TO-92 

J3971 

N 

TO-92 


PN4392 

5192 

TO-92 

K308-18 

N 


J308-18 


9292 

TO-92 

J3972 

N 

TO-92 


PN4393 

5192 

TO-92 

K309-18 

N 


J308-18 


9292 

TO-92 

J4091 

N 

TO-92 

PN4091 


5192 

TO-92 

K310-18 

N 


J310-18 


9292 

TO-92 

J4092 

N 

TO-92 

PN4092 


5192 

TO-92 

KE510 

N 

TO-106 


Jill 

5192 

TO-92 

J4093 

N 

TO-92 

PN4093 


5192 

TO-92 

KE511 

N 

TO-106 


Jill 

5192 

TO-92 

J4220 

N 

TO-92 

PN4220 


5592 

TO-92 

KE3684 

N 

TO-106 

PN3684-18 


5292 

TO-92 

J4221 

N 

TO-92 

PN4221 


5592 

TO-92 

KE3685 

N 

TO-106 

PN3685-18 


5292 

TO-92 

J4222 

N 

TO-92 

PN4222 


5592 

TO-92 

KE3686 

N 

TO-106 

PN3686-18 


5292 

TO-92 

J4223 

N 

TO-92 

PN4223 


5092 

TO-92 

KE3687 

N 

TO-106 

PN3687-18 


5292 

TO-92 

J4224 

N 

TO-92 

PN4224 


5092 

TO-92 

KE3823 

N 

TO-106 


PN4224-18 

1 5092 

TO-92 

J4302 

N 

TO-92 

PN4302 


5292 

TO-92 

KE3970 

N 

TO-106 


PN4391-18 

1 5192 

TO-92 

J4303 

N 

TO-92 

PN4303 


5292 

TO-92 

KE3971 

N 

TO-106 


PN4392-18 

5192 

TO-92 

J4304 

N 

TO-92 

PN4304 


5292 

TO-92 

KE3972 

N 

TO-106 


PN4393-18 

5192 

TO-92 

J4338 

N 

TO-92 


PN3687 

5292 

TO-92 

KE4091 

N 

TO-106 

PN4091-18 


5192 

TO-92 

J4339 

N 

TO-92 


PN3686 

5292 

TO-92 

KE4092 

N 

TO-106 

PN4092-18 


5192 

TO-92 

J4391 

N 

TO-92 

PN4391 


5192 

TO-92 

KE4093 

N 

TO-106 

PN4093-18 

I 

5192 

TO-92 

J4392 

N 

TO-92 

PN4392 


5192 

TO-92 

KE4220 

N 

TO-106 

PN4220-18 


5592 

TO-92 

J4393 

N 

TO-92 

PN4393 


5192 

TO-92 

KE4221 

N 

TO-106 

PN4221-18 


5592 

TO-92 

J4416 

N 

TO-92 

PN4416 


5092 

TO-92 

KE4222 

N 

TO-106 

PN4222-18 


5592 

TO-92 

J4856 

N 

TO-92 

PN4856 


5192 

TO-92 

KE4223 

N 

TO-106 

PN4223-18 


5092 

TO-92 

J4857 

N 

TO-92 

PN4857 


5192 

TO-92 

KE4224 

N 

TO-106 

PN4224-18 


5092 

TO-92 

J4858 

N 

TO-92 

PN4858 


5192 

TO-92 

KE4391 

N 

TO-106 

PN4391-18 


5192 

TO-92 

J4859 

N 

TO-92 

PN4859 


5192 

TO-92 

KE4392 

N 

TO-106 

PN4392-18 


5192 

TO-92 

J4860 

N 

TO-92 

PN4860 


5192 

TO-92 

KE4393 

N 

TO-106 

PN4393-18 


5192 

TO-92 

J4861 

N 

TO-92 

PN4861 


5192 

TO-92 

KE4416 

N 

TO-106 

PN4416-18 


5092 

TO-92 

J5103 

N 

TO-92 


J305 

5092 

TO-92 

KE4856 

N 

TO-106 

PN4856-18 


5192 

TO-92 

J5104 

N 

TO-92 


J305 

5092 

TO-92 

KE4857 

N 

TO-106 

PN4857-18 


5192 

TO-92 
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Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

KE4858 

N 

TO-106 

PN4858-18 


5192 

TO-92 

MPF161 

P 

TO-92 


2N5461 

8991 

TO-92 

KE4859 

N 

TO-106 

PN4859-18 


5192 

TO-92 

MPF256 

N 

TO-92 

MPF256 


9092 

TO-92 

KE4860 

N 

TO-106 

PN4860-18 


5192 

TO-92 

MPF820 

N 

TO-92 

MPF820 


9292 

TO-92 

KE4861 

N 

TO-106 

PN4861-18 


5192 

TO-92 

MPF970 

P 

TO-92 


PI 086 

8891 

TO-92 

KE5103 

N 

TO-106 


J305-18 

5092 

TO-92 

MPF971 

P 

TO-92 


PI 087 

8891 

TO-92 

KE5104 

N 

TO-106 


J305-18 

5092 

TO-92 

MPF4391 

N 

TO-92 

PN4391 


5192 

TO-92 

KE5105 

N 

TO-106 


J304-18 

5092 

TO-92 

MPF4392 

N 

TO-92 

PN4392 


5192 

TO-92 

KK4416-18 

N 

PN4416-18 



5092 

TO-92 

MPF4393 

N 

TO-92 

PN4393 


5192 

TO-92 

MFE2000 

N 

TO-72 


2N4416 

5025 

TO-72 

NDF9401 

N 

TO-78 


NDF9406 

9412 

TO-71 

MFE2001 

N 

TO-72 


2N4416 

5025 

TO-72 

NDF9402 

N 

TO-78 


NDF9407 

9412 

TO-71 

MFE2004 

N 

TO-18 


2N4093 

5102 

TO-18 

NDF9403 

N 

TO-78 


NDF9408 

9412 

TO-71 

MFE2005 

N 

TO-18 


2N4092 

5102 

TO-18 

NDF9404 

N 

TO-78 


NDF9409 

9412 

TO-71 

MFE2006 

N 

TO-18 

2N4091 


5102 

TO-18 

NDF9405 

N 

TO-78 


NDF9410 

9412 

TO-71 

MFE2007 

N 

TO-18 

2N4857 


5102 

TO-18 

NDF9406 

N 

TO-71 

NDF9406 


9412 

TO-71 

MFE2008 

N 

TO-18 

2N4391 


5102 

TO-18 

NDF9407 

N 

TO-71 

NDF9407 


9412 

TO-71 

MFE2009 

N 

TO-18 

2N4856 


5102 

TO-18 

NDF9408 

N 

TO-71 

NDF9408 


9412 

TO-71 

MFE2010 

N 

TO-18 

2N4856 


5102 

TO-18 

NDF9409 

N 

TO-71 

NDF9409 


9412 

TO-71 

MFE2011 

N 

TO-18 

2N5433 


5807 

TO-52 

NDF9410 

N 

TO-71 

NDF9410 


9412 

TO-71 

MFE2012 

N 

TO-18 

2N5433 


5807 

TO-52 

NF500 

N 

TO-72 


2N4224 

5025 

TO-72 

MFE4007 

P 

TO-72 

2N5020 


8911 

TO-18 

NF501 

N 

TO-72 


2N4224 

5025 

TO-72 

MFE4008 

P 

TO-72 

2N2608 


8911 

TO-18 

NF506 

N 

TO-72 


2N3823 

5025 

TO-72 

MFE4009 

P 

TO-72 

2N3329 


8923 

TO-72 

NF510 

N 

TO-18 


2N4092 

5102 

TO-18 

MFE4010 

P 

TO-72 

2N3330 


8923 

TO-72 

NF511 

N 

TO-18 


2N4092 

5102 

TO-18 

MFE4011 

P 

TO-72 

2N3331 


8923 

TO-72 

NF520 

N 

TO-72 


2N4224 

5025 

TO-72 

MPF102 

N 

TO-92 

MPF102 


5092 

TO-92 

NF521 

N 

TO-72 


2N4220 

5525 

TO-72 

MPF103 

N 

TO-92 

MPF103 


5592 

TO-92 

NF522 

N 

TO-72 


2N4224 

5025 

TO-72 

MPF104 

N 

TO-92 

MPF104 


5092 

TO-92 

NF523 

N 

TO-72 


2N4220 

5525 

TO-72 

MPF105 

N 

TO-92 

MPF105 


5592 

TO-92 

NF530 

N 

TO-18 


2N3822 

5525 

TO-72 

MPF106 

N 

TO-92 

MPF106 


5092 

TO-92 

NF531 

N 

TO-18 


2N3821 

5525 

TO-72 

MPF107 

N 

TO-92 

MPF107 


5092 

TO-92 

NF532 

N 

TO-18 


2N3822 

5525 

TO-72 

MPF108 

N 

TO-92 

MPF108 


5092 

TO-92 

NF533 

N 

TO-18 


2N3821 

5525 

TO-72 

MPF109 

N 

TO-92 

MPF109 


5092 

TO-92 

NF3819 

N 

TO-18 

2N3819-18 


5094 

TO-92 

MPF110 

N 

TO-92 

MPF110 


5092 

TO-92 

NF4302 

N 

TO-18 

PN4302-18 


1 5292 

TO-92 

MPF111 

N 

TO-92 

MPF111 


5092 

TO-92 

NF4303 

N 

TO-18 

PN4303-18 


5292 

TO-92 

MPF112 

N 

TO-92 

MPF112 


5092 

TO-92 

NF4304 

N 

TO-18 

PN4304-18 


5292 

TO-92 
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Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Repiacement 

Ciosest 

Equivaient 

Repiacement 

Process 

Package 

Package 

Type 

NF4445 

N 

TO-18 


2N5432 

5807 

TO-52 

PN4221 

N 

TO-92 

PN4221 


5592 

TO-92 

NF4446 

N 

TO-18 


2N5433 

5807 

TO-52 

PN4222 

N 

TO-92 

PN4222 


5592 

TO-92 

NF4447 

N 

TO-18 


2N5432 

5807 

TO-52 

PN4223 

N 

TO-92 

PN4223 


5092 

TO-92 

NF4448 

N 

TO-18 


2N4856 

5807 

TO-52 

PN4224 

N 

TO-92 

PN4224 


5092 

TO-92 

NF5101 

N 

TO-72 

NF5101 


5125 

TO-72 

PN4302 

N 

TO-92 

PN4302 


5292 

TO-92 

NF5102 

N 

TO-72 

NF5102 


5125 

TO-72 

PN4303 

N 

TO-92 

PN4303 


5292 

TO-92 

NF5103 

N 

TO-72 

NF5103 


5125 

TO-72 

PN4304 

N 

TO-92 

PN4304 


5292 

TO-92 

NF5163 

N 

TO-18 

PN5163-18 


5072 

TO-72 

PN4342 

N 

TO-92 

PN4342 


8991 

TO-92 

NF5457 

N 

TO-18 

2N5457-18 


5592 

TO-92 

PN4360 

N 

TO-92 

PN4360 


8991 

TO-92 

NF5458 

N 

TO-18 

2N5458-18 


5592 

TO-92 

PN4391 

N 

TO-92 

PN4391 


5192 

TO-92 

NF5459 

N 

TO-18 

2N5459-18 


5592 

TO-92 

PN4392 


TO-92 

PN4392 


5192 

TO-92 

NF5484 

N 

TO-18 

2N5484-18 


5092 

TO-92 

PN4393 


TO-92 

PN4393 


5192 

TO-92 

NF5485 

N 

TO-18 

2N5485-18 


5092 

TO-92 

PN4416 


TO-92 

PN4416 


5092 

TO-92 

NF5486 

N 

TO-18 

2N5486-18 


5092 

TO-92 

PN4856 


TO-92 

PN4856 


5192 

TO-92 

NF5555 

N 

TO-72 

2N5555-18 


5092 

TO-92 

PN4857 


TO-92 

PN4857 


5192 

TO-92 

NF5638 

N 

TO-18 

2N5638-18 


5192 

TO-92 

PN4858 

N 

TO-92 

PN4858 


5192 

TO-92 

NF5639 

N 

TO-18 

2N5639-18 


5192 

TO-92 

PN4859 

N 

TO-92 

PN4859 


5192 

TO-92 

NF5640 

N 

TO-18 

2N5640-18 


5192 

TO-92 

PN4860 

N 

TO-92 

PN4860 


5192 

TO-92 

NF5653 

N 

TO-18 

2N5653-18 


5192 

TO-92 

PN4861 

N 

TO-92 

PN4861 


5192 

TO-92 

NF5654 

N 

TO-18 

2N5654-18 


5192 

TO-92 

PN5033 

N 

TO-92 

PN5033 


8991 

TO-92 

P1086E 

P 

TO-106 

PI 086-18 


8891 

TO-92 

PN5163 

N 

TO-92 

PN5163 


5092 

TO-92 

P1087E 

P 

TO-106 

PI 087-18 


8891 

TO-92 

SU2000 

N 

TO-71 


2N3822 

5525 

TO-72 

PF510 

P 

TO-18 


PN4392-18 

5192 

TO-92 

SU2020 

N 

TO-71 


2N5196 

8312 

TO-71 

PF511 

P 

TO-18 


PN4392-18 

5192 

TO-92 

SU2021 

N 

TO-71 


2N5196 

8312 

TO-71 

PF5101 

N 

TO-92 

PF5101 


5192 

TO-92 

SU2022 

N 

TO-71 


2N5196 

8312 

TO-71 

PF5102 

N 

TO-92 

PF5102 


5192 

TO-92 

SU2023 

N 

TO-71 


2N5196 

8312 

TO-71 

PF5103 

N 

TO-92 

PF5103 


5192 

TO-92 

SU2024 

N 

TO-71 


2N5196 

8312 

TO-71 

PF3684 

N 

TO-92 

PN3684 


5292 

TO-92 

SU2025 

N 

TO-71 


2N5196 

8312 

TO-71 

PN3685 

N 

TO-92 

PN3685 


5292 

TO-92 

SU2026 

N 

TO-71 


2N5196 

8312 

TO-71 

PN3686 

N 

TO-92 

PN3686 


5292 

TO-92 

SU2027 

N 

TO-71 


2N5196 

8312 

TO-71 

PN3687 

N 

TO-92 

PN3687 


5292 

TO-92 

SU2028 

N 

TO-71 


2N5196 

8312 

TO-71 

PN4091 

N 

TO-92 

PN4091 


5192 

TO-92 

SU2029 

N 

TO-71 


2N5196 

8312 

TO-71 

PN4092 

N 

TO-92 

PN4092 


5192 

TO-92 

SU2030 

N 

TO-71 


2N4082 

8312 

TO-71 

PN4093 

N 

TO-92 

PN4093 


5192 

TO-92 

SU2033 

N 

TO-71 


2N5561 

8312 

TO-71 

PN4220 

N 

TO-92 

PN4220 


5292 

TO-92 

SU2034 

N 

TO-71 


2N5561 

8312 

TO-71 
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Industry 

P/N 

Polarity 

Package 

Direct 

Repiacement 

Ciosest 

Equivaient 

Repiacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Repiacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

SU2035 

N 

TO-71 


2N5561 

8312 

TO-71 

TD5905 

N 

TO-18/8 


2N5905 

8424 

TO-78 

SU2076 

N 

TO-71 


2N5561 

8312 

TO-71 

TD5905A 

N 

TO-18/8 


2N5905 

8424 

TO-78 

SU2077 

N 

TO-71 


2N5561 

8312 

TO-71 

TD5906 

N 

TO-18/8 

2N5906 


8424 

TO-78 

SU2078 

N 

TO-71 


2N3955 

8312 

TO-71 

TD5906A 

N 

TO-18/8 


2N5906 

8424 

TO-78 

SU2079 

N 

TO-71 


2N3956 

8312 

TO-71 

TD5907 

N 

TO-18/8 

2N5907 


8424 

TO-78 

SU2080 

N 

TO-71 


U404 

9812 

TO-71 

TD5907A 

N 

TO-18/8 


2N5907 

8424 

TO-78 

SU2081 

N 

TO-71 


U404 

9812 

TO-71 

TD5908 

N 

TO-18/8 

2N5908 


8424 

TO-78 

SU2098 

N 

TO-71 


2N3954 

8312 

TO-71 

TD5908A 

N 

TO-18/8 


2N5908 

8424 

TO-78 

SU2098A 

N 

TO-71 


2N3954 

8312 

TO-71 

TD5909 

N 

TO-18/8 

2N5909 


8424 

TO-78 

SU2098B 

N 

TO-71 


2N3954A 

8312 

TO-71 

TD5909A 

N 

TO-18/8 


2N5909 

8424 

TO-78 

SU2099 

N 

TO-71 


2N3955A 

8312 

TO-71 

TD5910 

N 

TO-18/8 

2N5910 


8424 

TO-78 

SU2099A 

N 

TO-71 


2N3955A 

8312 

TO-71 

TD5910A 

N 

TO-18/8 


2N5910 

8424 

TO-78 

SU2365 

N 

TO-71 


U401 

9812 

TO-71 

TD5911 

N 

TO-18/8 

2N5911 


9324 

TO-78 

SU2365A 

N 

TO-71 


U401 

9812 

TO-71 

TD5911A 

N 

TO-18/8 


2N5911 

9324 

TO-78 

SU2366 

N 

TO-71 


U402 

9812 

TO-71 

TD5912 

N 

TO-18/8 

2N5912 


9324 

TO-78 

SU2366A 

N 

TO-71 


U402 

9812 

TO-71 

TD5912A 

N 

TO-18/8 


2N5912 

9324 

TO-78 

SU2367 

N 

TO-71 


U403 

9812 

TO-71 

TIS25 

N 

TO-5/6 


U401 

9812 

TO-71 

SU2367A 

N 

TO-71 


U403 

9812 

TO-71 

TIS26 

N 

TO-5/6 


U402 

9812 

TO-71 

SU2368 

N 

TO-71 


U404 

9812 

TO-71 

TIS27 

N 

TO-5/6 


U403 

9812 

TO-71 

SU2368A 

N 

TO-71 


U404 

9812 

TO-71 

TIS34 

N 

TO-92 


2N5486 

5092 

TO-92 

SU2369 

N 

TO-71 


U405 

9812 

TO-71 

TIS41 

N 

TO-18 


2N4859 

5192 

TO-92 

SU2369A 

N 

TO-71 


U405 

9812 

TO-71 

TIS42 

N 

TO-92 


PN4392 

5192 

TO-92 

SU2652M 

N 

MiniDIP 


J401 

9860 

MiniDIP 

TIS58 

N 




5094 

TO-92 

SU2653M 

N 

MiniDIP 


J401 

9860 

MiniDIP 

TIS59 

N 




5094 

TO-92 

SU2654M 

N 

MiniDIP 


J401 

9860 

MiniDIP 

TIS73 

N 




5197 

TO-92 

SU2655M 

N 

MiniDIP 


J402 

9860 

MiniDIP 

TIS74 

N 

TO-18 

TIS74 


5197 

TO-92 

SU2656M 

N 

MiniDIP 


J404 

9860 

MiniDIP 

TIS75 

N 

TO-18 

TIS75 


5197 

TO-92 

TD5452 

N 

TO-18/8 


2N5452 

8312 

TO-71 

T1S88A 

N 

TO-18 


2N5486 

5092 

TO-92 

TD5453 

N 

TO-18/8 


2N5453 

8312 

TO-71 

TP5114 

P 

TO-18 

2N5114 


8811 

1 TO-18 

TD5454 

N 

TO-18/8 


2N5454 

8312 

TO-71 

TP5115 

P 

TO-18 

2N5115 


8811 

TO-18 

TD5902 

N 

TO-18/8 

2N5902 


8424 

TO-78 

TP5116 

P 

TO-18 

2N5116 


8811 

TO-18 

TD5902A 

N 

TO-18/8 


2N5902 

8424 

TO-78 

U110 

P 

TO-18 


2N5020 

8911 

TO-18 

TD5903 

N 

TO-18/8 

2N5903 


8424 

TO-78 

U112 

P 

TO-18 


2N4318 

8911 

i TO-18 

TD5903A 

N 

TO-18/8 


2N5903 

8424 

TO-78 

U146 

P 

TO-18 


2N5020 

8911 

TO-18 

TD5904 

N 

TO-18/8 

2N5904 


8424 

TO-78 

U147 

P 

TO-18 


2N5020 

8911 

TO-18 

TD5904A 

N 

TO-18/8 


2N5904 

8424 

TO-78 

U148 

P 

TO-18 


2N2608 

8911 

TO-18 
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Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

Industry 

P/N 

Polarity 

Package 

Direct 

Replacement 

Closest 

Equivalent 

Replacement 

Process 

Package 

Package 

Type 

U183 

N 

TO-72 


2N3823 

5025 

TO-72 

U1837E 

N 

TO-106 


2N5486-18 

5092 

TO-92 

U184 

N 

TO-72 


2N4416 

5025 

TO-72 

U1897 

N 

TO-106 

U1897 


5192 

TO-92 

U197 

N 

TO-18 


2N4338 

5202 

TO-18 

U1897E 

N 

TO-106 


U1897-18 

5192 

TO-92 

U198 

N 

TO-18 


2N4340 

5202 

TO-18 

U1898 

N 

TO-106 

U1898 


5192 

TO-92 

U199 

N 

TO-18 


2N4341 

5202 

TO-18 

U1898E 

N 

TO-106 


U1898-18 

5192 

TO-92 

U200 

N 

TO-18 


2N4393 

5102 

TO-18 

U1899 

N 

TO-106 

U1899 


5192 

TO-92 

U201 

N 

TO-18 


2N4392 

5102 

TO-18 

U1899E 

N 

TO-106 


U1899-18 

5192 

TO-92 

U202 

N 

TO-18 


2N4391 

5102 

TO-18 

U1994 

N 

TO-106 


PN4416-18 

5092 

TO-92 

U231 

N 

TO-71 

U231 


8312 

TO-71 

U1994E 

N 

TO-106 


PN4416-18 

5092 

TO-92 

U232 

N 

TO-71 

U232 


8312 

TO-71 

U2047 

N 

TO-92 


PN4416 

5092 

TO-92 

U233 

N 

TO-71 

U233 


8312 

TO-71 

U2047E 

N 

TO-106 


PN4416-18 

5092 

TO-92 

U234 

N 

TO-71 

U234 


8312 

TO-71 

UC155 

N 

TO-72 


2N4416 

5025 

TO-72 

U235 

N 

TO-71 

U235 


8312 

TO-71 

UC200 

N 

TO-72 


2N4393 

5102 

TO-18 

U257 

N 

TO-78 

U257 


9324 

TO-78 

UC201 

N 

TO-72 


2N4416 

5025 

TO-72 

U300 

P 

TO-18 


2N5114 

8811 

TO-18 

UC220 

N 

TO-72 


2N4220 

5525 

TO-72 

U301 

P 

TO-18 


2N5145 

8811 

TO-18 

UC241 

N 

TO-72 


2N3822 

5525 

TO-72 

U304 

P 

TO-18 


2N5114 

8811 

TO-18 

UC250 

N 

TO-18 


2N4391 

5102 

TO-18 

U305 

P 

TO-18 


2N5116 

8811 

TO-18 

UC251 

N 

TO-18 


2N4392 

5102 

TO-18 

U308 

N 

TO-52 

U308 


9207 

TO-52 

UC400 

P 

TO-72 


2N2609 

8811 

TO-18 

U309 

N 

TO-52 

U309 


9207 

TO-52 

UC401 

P 

TO-72 


2N5019 

8811 

TO-18 

U310 

N 

TO-52 

U310 


9207 

TO-52 

UC410 

P 

TO-72 


2N2609 

8811 

TO-18 

U312 

N 

TO-18 

U312 


9007 

TO-52 

UC420 

P 

TO-72 


2N3329 

8923 

TO-72 

U316 

N 

B-69 

U309 


9207 

TO-52 

UC588 

N 

TO-106 


PN4416-18 

5092 

TO-92 

U317 

N 

B-69 

U310 


9207 

TO-52 

UC703 

N 

TO-72 


2N3822 

5525 

TO-72 

U320 

N 

TO-5 


2N5433 

5807 

TO-52 

UC705 

N 

TO-72 


2N3824 

5525 

TO-72 

U321 

N 

TO-5 


2N5433 

5807 

TO-52 

UC707 

N 

TO-18 


2N4391 

5102 

TO-18 

U322 

N 

TO-5 


2N5432 

5807 

TO-52 

UC714 

N 

TO-72 


2N4416 

5025 

TO-72 

U401 

N 

TO-71 

U401 


9812 

TO-71 

UC734 

N 

TO-72 


2N4416 

5025 

TO-72 

U402 

N 

TO-71 

U402 


9812 

TO-71 

UC734E 

N 

TO-106 


PN4416-18 

5092 

TO-92 

U403 

N 

TO-71 

U403 


9812 

TO-71 

UC755 

N 

TO-18 


2N4391 

5102 

TO-18 

U404 

N 

TO-71 

U404 


9812 

TO-71 

UC756 

N 

TO-18 


2N4224 

5025 

TO-72 

U405 

N 

TO-71 

U405 


9812 

TO-71 

UC805 

P 

TO-72 


2N3331 

8923 

TO-72 

U406 

N 

TO-71 

U406 


9812 

TO-71 

UC807 

P 

TO-72 


2N4861 

5102 

TO-18 

U440 

N 

TO-71 


2N5911 

9324 

TO-78 

UC814 

P 

TO-72 


2N3331 

8923 

TO-72 

U441 

N 

TO-71 


2N5912 

9324 

TO-78 

UC851 

P 

TO-18 


2N2608 

8911 

TO-18 


apmo aouejaiay ssojq 
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Cross Reference Guide 


Ultra-Fast Reverse Recovery Rectifiers 


Industry 

Part 

Type 

No. 

BYV32-100 

FRP2010CC 

BYV32-150 

FRP2015CC 

BYV32-200 

FRP2020CC 

BYV32-50 

FRP2005CC 

BYV79-100 

FRP1610 

BYV79-150 

FRP1615 

BYV79-200 

FRP1620 

BYV79-50 

FRP1605 

BYW28-100 

FRP810 

BYW29-150 

FRP815 

BYW29-200 

FRP820 

BYW29-50 

FRP805 

BYW51-100 

FRP1610CC 

BYW5M50 

FRP1615CC 

BYW51-50 

FRP1605CC 

BYW80-100 

FRP810 

BYW80-150 

FRP815 

BYW80-200 

FRP820 

BYW80-50 

FRP805 

BYW99-100 

FRK3210CC 

BYW99-150 

FRK3220CC 

BYW99-50 

FRK3205CC 

FE16A 

FRP1605 

FE16B 

FRP1610 

FE16C 

FRP1615 

FE16D 

FRP1620 

FE8A 

FRP805 

FE8B 

FRP810 


Industry 

Part 

Type 

No. 

FE8C 

FRP815 

FE8D 

FRP820 

MUR1505 

FRP1605 

MUR1510 

FRP1610 

MUR1515 

FRP1615 

MUR1520 

FRP1620 

MUR1605CT 

FRP1605CC 

MUR1610CT 

FRP1610CC 

MUR1615CT 

FRP1615CC 

MUR1620CT 

FRP1620CC 

MUR805 

FRP805 

MUR810 

FRP810 

MUR815 

FRP815 

MUR820 

FRP820 

RUR810 

FRP810 

RUR815 

FRP815 

RUR820 

FRP820 

RURD1610 

FRM3210CC 

RURD1615 

FRM3210CC 

RURD1620 

FRM3220CC 

RURD810 

FRP1610CC 

RURD815 

FRP1615CC 

RURD820 

FRP1620CC 

UES1401 

FRP805 

UES1402 

FRP810 

UES1403 

FRP815 

UES1404 

FRP820 

UES1501 

FRP1605 


Industry 

Part 

Type 

No. 

UES1502 

FRP1610 

UES1503 

FRP1615 

UES1504 

FRP1620 

UES2401 

FRP1605CC 

UES2402 

FRP1610CC 

UES2403 

FRP1615CC 

UES2404 

FRP1620CC 

UES2601 

FRK3205CC 

UES2602 

FRK3210CC 

UES2603 

FRK3215CC 

UES2604 

FRK3220CC 

VHE1401 

FRP1005 

VHE1402 

FRP1010 

VHE1403 

FRP1015 

VHE1404 

FRP1020 

VHE2401 

FRP2005CC 

VHE2402 

FRP2010CC 

VHE2403 

FRP2015CC 

VHE2404 

FRP2020CC 

VHE2601 

FRK3205CC 

VHE2602 

FRK3210CC 

VHE2603 

FRK3215CC 

VHE2604 

FRK3220CC 
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Single Rectifier Per Package 


Part 

Vrsm 

If(avg) 

trr (ns) 

Vf(V) 

Package 

Number 

(V) 

(A) 

(Note 1) 

(Note 2) 

Style 

FRP805 

50 

8 

50 

0.95 

TO-220AC (41) 

FRP810 

100 

8 

50 

0.95 

TO-220AC (41) 

FRP815 

150 

8 

50 

0.95 

TO-220AC (41) 

FRP820 

200 

8 

50 

0.95 

TO-220AC (41) 

FRP840 

400 

8 

75 

1.50 

TO-220AC (41) 

FRP850 

500 

8 

75 

1.50 

TO-220AC (41) 

FRP860 

600 

8 

75 

1.50 

TO-220AC (41) 

FRP1005 

50 

10 

50 

0.95 

TO-220AC (41) 

FRP1010 

100 

10 

50 

0.95 

TO-220AC (41) 

FRP1015 

150 

10 

50 

0.95 

TO-220AC (41) 

FRP1020 

200 

10 

50 

0.95 

TO-220AC (41) 

FRP1605 

50 

16 

50 

0.95 

TO-220AC (41) 

FRP1610 

100 

16 

50 

0.95 

TO-220AC (41) 

FRP1615 

150 

16 

50 

0.95 

TO-220AC (41) 

FRP1620 

200 

16 

50 

0.95 

TO-220AC (41) 


Dual Rectifiers, Common Cathode 


Part 

Number 

Vrsm 

(V) 

If(avg) 

(A) 

trr (ns) 

(Note 1) 

Vf(V) 

(Note 2) 

Package 

Style 

FRP1605CC 

50 

16 

50 

0.95 

TO-220AB (38) 

FRP1610CC 

100 

16 

50 

0.95 

TO-220AB (38) 

FRP1615CC 

150 

16 

50 

0.95 

TO-220AB (38) 

FRP1620CC 

200 

16 

50 

0.95 

TO-220AB (38) 

FRP1640CC 

400 

8 

75 

1.50 

TO-220AB (38) 

FRP1650CC 

500 

8 

75 

1.50 

TO-220AB (38) 

FRP1660CC 

600 

8 

75 

1.50 

TO-220AB (38) 

FRP2005CC 

50 

20 

50 

0.95 

TO-220AB (38) 

FRP2010CC 

100 

20 

50 

0.95 

TO-220AB (38) 

FRP2015CC 

150 

20 

50 

0.95 

TO-220AB (38) 

FRP2020CC 

200 

20 

50 

0.95 

TO-220AB (38) 

FRK3205CC 

50 

32 

50 

0.95 

TO-3P (40) 

FRK3210CC 

100 

32 

50 

0.95 

TO-3P (40) 

FRK3215CC 

150 

32 

50 

0.95 

TO-3P (40) 

FRK3220CC 

200 

32 

50 

0.95 

TO-3P (40) 


Note 1: Pulsed Measurement = 300 fxs pulse width. 
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Part Number 

•c 

VcEO 

hpE 


@ 

MaxVcE 


Pd 

It 

Process 

NPN 

PNP 

(A) 

(V) 

Min 

Max 

lc(mA) 

Vce(V) 

(V) @ 

(W) 

(MHz) 

(NPN/PNP) 

2N7053 


1.5 

100 

10k 


100 

5 

1.5 

250 


125 

06 


MPSW01 


1.5 

30 

55 


10 

1 

0.5 

1A 


50 

37 


MPSW01A 


1.5 

40 

55 


10 

1 

0.5 

1A 

* 

50 

38 


MPSW05 


1.5 

60 

80 


50 

1 

0.4 

250 


50 

38 


MPSW06 


1 

80 

80 


50 

1 

0.4 

250 


50 

39 


MPSW10 


0.1 

300 

25 


1 

10 

0.75 

30 


45 

48 


MPSW13 


0.5 

30 

5k 


10 

5 

1.5 

100 


125 

05 


MPSW14 


0.5 

30 

10k 


10 

5 

1.5 

100 


125 

05 


MPSW42 


0.1 

300 

25 


1 

10 

0.5 

20 

* 

50 

48 


MPSW43 


0.1 

200 

25 


1 

10 

0.5 

20 


50 

48 


MPSW45 


1 

40 

25k 

150k 

200 

5 

1.5 

1A 


100 

05 


MPSW45A 


1 

50 

25k 

150k 

200 

5 

1.5 

1A 


100 

05 



MPSW51 

1.5 

30 

55 


10 

1 

0.7 

1A 

DC 

50 


77 


MPSW51A 

1.5 

40 

55 


10 

1 

0.7 

1A 


50 


78 


MPSW55 

1.5 

60 

80 


50 

1 

0.5 

250 


50 


78 


MPSW56 

1 

80 

80 


50 

1 

0.5 

250 


50 


79 


MPSW63 

0.5 

30 

5k 


10 

5 

1.5 

100 


125 


61 


MPSW64 

0.5 

30 

10k 


10 

5 

1.5 

100 

* 

125 


61 


MPSW92 

0.1 

300 

40 


10 

10 

0.5 

20 


50 


76 


MPSW93 

0.1 

200 

40 


10 

10 

0.5 

20 


50 


76 


Pinout: EBC 


*AII TO-226AE: 1W, Free Air (Ta = 25*0) 
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Part Number 

ic 

VcEO 

1 hpE 


@ 

Max VcE (SAT) 

Pd 

^T 

Process 

NPN 

PNP 

(A) 

(V) 

Min 

Max 

lc(mA) 

Vce(V) 

(V) 

@ lc(mA) 

(W) 

(MHz) 

(NPN/PNP) 

92PE869 

92PE870 

0.1 

250 

50 


25 

20 




60 

48/76 

92PE871 

92PE872 

0.1 

300 

50 


25 

20 




60 

48/76 

2N6711 

92PE487 


0.1 

160 

30 


30 

10 

1 

30 


50 

48 

2N6733 


0.1 

200 

40 


10 

10 

2 

20 


50 

48 

92PU391 

2N6712 


0.1 

250 

30 


30 

10 

1 

30 

* 

50 

48 

92PE488 

2N6734 

92PU392 


0.1 

250 

40 


10 

10 

2 

20 


50 

48 

2N6773 

92PE489 


0.1 

300 

30 


30 

10 

1 

30 


50 

48 

2N6735 


0.1 

300 

40 


10 

10 

2 

20 

!X 

50 

48 

92PU393 

2N6719 

92PU10 


0.1 

300 

40 


30 

10 

0.75 

30 


50 

48 

TN2219 


0.5 

30 

100 

300 

150 

10 

0.4 

150 


250 

19 





30 


500 

10 






TN2218A 


0.5 

40 

40 

120 

150 

10 

0.3 

150 


250 

19 





25 


500 

10 






TN2219A 

TN2905 

0.5 

40 

100 

300 

150 

10 

0.3 

150 

* 

300 

19/63 









0.4 






TN2904A 

0.5 

60 

40 

120 

150 

10 

0.4 

150 


200 

63 





40 


500 

10 







TN2905A 

0.5 

60 

100 

300 

150 

10 

0.4 

150 


200 

63 





50 


500 

10 






TN3053 

TN4037 

1 

40 

50 

250 

150 

10 

1.4 

150 


100 

12/67 

2N6737 


1 

45 

60 

150 

100 

1 

0.4 

300 


300 

25 





40 


300 




* 



TN3467 


1 

40 

40 


150 

1 

0.4 

150 


175 

70 





40 

120 

500 

1 

0.6 

500 




TN3724 


1 

30 

60 

150 

100 

1 

0.2 

100 


30 

25 





40 


300 

1 

0.32 

300 




TN3725 


1 

50 

60 

150 

100 

1 

0.4 

300 


300 

25 





40 


300 







TN2102 

TN4036 

1 

65 

40 

120 

150 

10 

0.5 

150 


60 

12/67 





25 


500 

10 

0.65 





TN3019 


1 

80 

100 

300 

150 

10 

0.2 

150 

* 

100 

12 

TN3020 


1 

80 

40 

120 

150 

10 

0.2 

150 


100 

12 


TN4033 

1 

80 

100 

300 

100 

5 

0.15 

150 


150 

67 


*AII TO-237:850 mW, Free Air (Ta = 25‘’C) Pinout: 92PE ECB 

2.0W, Collector Lead at 25“C 92PU. TN EBC 

1W-1.2W Mounted Flush in PC Board 
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Part Number 

NPN PNP 

ic 

(A) 

VCEO 

(V) 

1 

Min 

Hfe 

Max 

@ 

lc(mA) 

Vce(V) 

MaxVcE(SAT) 

(V) @ lc(mA) 

Pd 

(W) 

fT 

(MHz) 

Process 

(NPN/PNP) 

2N6714 

2N6726 

2 

30 

60 


100 

1 

0.5 

1000 


50 

37/77 

92PU01 

92PU51 



55 


1000 

1 






2N6715 

2N6727 

2 

40 

60 


100 

1 

0.5 

1000 


50 

37/77 

92PU01A 

92PU51A 



55 


1000 

1 






2N6724 


1 

40 

25k 


200 

5 

1 

200 

* 

100 

05 

92PU45 




4k 


1000 

5 

1.5 

1000 




2N6705 

2N6708 

2 

45 

40 


500 

2 

0.5 

500 


50 

38/78 

92PE37A 

92PE77A 












2N6725 


1 

50 

25k 


200 

5 

1 

200 


100 

05 

92PU45A 




4k 


1000 

5 

1.5 

1000 




2N6706 

2N6709 

2 

60 

40 


500 

2 

0.5 

500 


50 

38/78 

92PE37B 

92PE77B 












2N6716 

2N6728 

2 

60 

20 


*500 

1 

0.35 

250 


50 

38/78 

92PU05 

92PU55 












2N6731 

2N6732 

1 

80 

100 

300 

350 

2 

0.35 

350 

* 

50 

39/79 

92PU100 

92PU200 












2N6707 

2N6710 

1 

80 

40 


50 

2 

0.5 

500 


50 

39/79 

92PE37C 

92PE77C 












2N6717 

2N6720 

1 

80 

20 


500 

1 

0.35 

250 


50 

39/79 

92PU06 

92PU56 












2N6720 


0.5 

150 

30 


100 

10 

0.5 

100 


10 

36 

92PU36 




30 

300 

100 

10 






2N6721 


0.5 

200 

30 


100 

10 




10 

36 

92PU36A 




30 

300 

100 

10 






2N6722 


0.5 

250 

30 


100 

10 



* 

10 

36 

92PU36B 




30 

300 

100 

10 






2N6723 


0.5 

300 

30 


100 

10 




10 

36 

92PU36C 




30 

300 

100 

10 







Pinout: 92PE ECB 


92PU, TN EBC 

*AII TO-237: 850 mW, Free Air (Ta = 25*C) 

2.0W, Collector Lead at 25“C 
1W-1.2W Mounted Flush in PC Board 
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Part Number 

NPN PNP 

•c 

(A) 

VcEO 

(V) 

Min 

hpE 

Max 

lc(A) 

@ 

Vce(V) 

Max VcE (SAT) 

(V) @ lc(A) 

Pd* 

(W) 

h 

(MHz) 

Process 

(NPN/PNP) 

NSD457 


0.1 

160 

25 


0.03 

10 

1 

0.03 

1.75 

50 

48 

NSE457 


0.1 

160 

25 


0.03 

10 

1 

0.03 

1.75 

50 

48 

NSD458 


0.1 

250 

25 


0.03 

10 

1 

0.03 

1.75 

50 

48 

NSE458 


0.1 

250 

25 


0.03 

10 

1 

0.03 

1.75 

50 

48 

D40N1 


0.1 

250 

30 

90 

0.02 

10 



1.67 

50 

48 

D40N2 


0.1 

250 

60 

180 

0.02 

10 



1.67 

50 

48 

NSD131 


0.1 

250 

30 

90 

0.03 

10 

1 

0.02 

1.75 


48 

NSD132 


0.1 

250 

60 

180 

0.03 

10 

1 

0.02 

1.75 


48 

NSE869 

NSE870 

0.1 

250 

50 


25m 

20 



1.8 

60 

48/76 

NSE871 

NSE872 

0.1 

300 

50 


25m 

20 



1.8 

60 

48/76 

D40N3 


0.1 

300 

30 

90 

0.02 

10 



1.67 

50 

48 

D40N4 


0.1 

300 

60 

180 

0.02 

10 



1.67 

50 

48 

NSD133 


0.1 

300 

30 

90 

0.03 

10 

1 

0.02 

1.75 

50 

48 

NSD134 


0.1 

300 

60 

180 

0.03 

10 

1 

0.02 

1.75 

50 

48 

NSD459 


0.1 

300 

25 


0.03 

10 

1 

0.03 

1.75 

50 

48 

NSE459 


0.1 

300 

25 


0.03 

10 

1 

0.03 

1.75 

50 

48 

NSDU10 


0.1 

300 

40 


0.03 

10 

1.5 

0.02 

1.75 

60 

48 

D40N5 


0.1 

375 

20 


0.02 

10 



1.67 

50 

48 

NSD135 


0.1 

375 

30 

90 

0.03 

10 

1 

0.02 

1.75 

50 

48 

D40C1 


0.5 

30 

10k 

60k 

0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40C2 


0.5 

30 

40k 


0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40C3 


0.5 

30 

90k 


0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40C4 


0.5 

40 

10k 

60k 

0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40C5 


0.5 

40 

40k 


0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40C7 


0.5 

50 

10k 

60k 

0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40C8 


0.5 

50 

40k 


0.2 

5 

1.5 

0.5 

1.33 

75 

05 

D40P1 


0.5 

120 

40 


0.08 

10 

1 

0.1 

1.67 

50 

36 

D40P3 


0.5 

180 

40 


0.08 

10 

1 

0.1 

1.67 

50 

36 

D40P5 


0.5 

225 

40 


0.08 

10 

1 

0.1 

1.67 

50 

36 

D40D1 

D41D1 

1.5 

30 

50 

150 

0.1 

2 

0.5 

0.5 

1.67 

200 

38/78 

D40D2 

D41D2 

1.5 

30 

120 

300 

0.1 

2 

0.5 

0.5 

1.67 

200 

38/78 

D40D3 


1.5 

30 

290 


0.1 

2 



1.67 

200 

38 

D40D4 

D41D4 

1.5 

45 

50 

150 

0.1 

2 

0.5 

0.5 

1.67 

200 

38/78 

D40D5 

D41D5 

1.5 

45 

120 

360 

0.1 

2 

0.5 

0.5 

1.67 

200 

38/78 

NSD102 

NSD202 

1.5 

45 

50 

150 

0.1 

5 

0.2 

0.1 

1.75 

60 

38/78 

NSD103 

NSD203 

1.5 

45 

120 

360 

0.1 

5 

0.2 

0.1 

1.75 

60 

38/78 


♦Ta = 25°C 
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Part Number 

ic 

VcEO 

hpE 


@ 

MaxVcE(SAT) 

Pd 

fT 

Process 

NPN 

PNP 

(A) 

(V) 

Min 

Max 

lc(A) 

Vce(V) 

(V) @ 

lc(A) 

(W) 

(MHz) 

(NPN/PNP) 

D40D7 

D41D7 

1.5 

60 

50 

150 

0.1 

2 

1 

0.5 

1.67 

200 

38/78 

D40D8 

D41D8 

1.5 

60 

120 

360 

0.1 

2 

1 

0.5 

1.67 

200 

38/78 

2N6551 

2N6554 

1.5 

60 

80 

250 

0.05 

1 

0.5 

0.25 

2.0 

75 

38/78 

D40D10 

D41D10 

1.5 

75 

50 

150 

0.1 

2 

1 

0.5 

1.67 

200 

38/78 

D40D11 

D41D11 

1.5 

75 

120 

360 

0.1 

2 

1 

0.5 

1.67 

200 

38/78 

D40D13 

D41D13 

1.5 

75 

50 

150 

0.1 

2 

1 

0.5 

1.67 

200 

38/78 

D40D14 

D41D14 

1.5 

75 

120 

360 

0.1 

2 

1 

0.5 

1.67 

200 

38/78 

2N6552 

2N6555 

1 

80 

80 

250 

0.05 

1 

0.5 

0.25 


75 

39/79 

NSD104 

NSD204 

1 

80 

50 

150 

0.1 

5 

0.2 

0.1 

1.75 

60 

39/79 

NSD105 

NSD205 

1 

80 

120 

360 

0.1 

5 

0.2 

0.1 

1.75 

60 

39/79 

NSD106 

NSD206 

1 

100 

50 

150 

0.1 

5 

0.2 

0.1 

1.75 

60 

39/79 

2N6553 

2N6556 

1 

100 

80 

250 

0.05 

1 

0.5 

0.25 


75 

39/79 

NSD36 


0.5 

150 

30 

300 

0.1 

10 

0.5 

0.1 

1.75 

10 

36 

NSD36A 


0.5 

200 

30 

300 

0.1 

10 

0.5 

0.1 

1.75 

10 

36 

NSD36B 


0.5 

250 

30 

300 

0.1 

10 

0.5 

0.1 

1.75 

10 

36 

NSD36C 


0.5 

300 

30 

300 

0.1 

10 

0.5 

0.1 

1.75 

10 

36 

NSDU01 

NSDU51 

2 

30 

60 


0.1 

1 

0.5 

1 

1.75 

50 

37/77 

NSD151 


1 

30 

10k 

250k 

0.1 

5 

1.5 

0.1 

1.75 

100 

05 

NSD153 


1 

30 

5k 


0.1 

5 

1.5 

0.1 

1.75 

100 

05 

D40E1 

D41E1 

2 

30 

50 


0.1 

2 

1 

1 

1.3 


37/77 

D40K1 

D41K1 

2 

30 

10k 


0.2 

5 

1.5 

1.5 

1.67 

75 

37/77 

D40K3 

D41K3 

2 

30 

10k 


0.2 

5 

1.5 

1.0 

1.67 

75 

37/77 

NSDU01A 

NSDU51A 

2 

40 

60 


0.1 

1 

0.5 

1 

1.75 

50 

37/77 

NSDU02 

NSDU52 

2 

40 

50 

300 

0.15 

10 

0.4 

0.15 

1.75 

50 

37/77 

2N6548 


1 

40 

15k 


0.2 

5 

1.5 

1 

1.75 

100 

05 

2N6549 


1 

40 

25k 


0.2 

5 

1.5 

1 

1.75 

100 

05 

NSDU45 


1 

40 

25k 

150k 

0.2 

5 

1 

0.2 

1.75 

100 

05 

NSD152 


1 

40 

10k 

250k 

0.1 

5 

1.5 

1 

1.75 

100 

05 

NSD154 


1 

40 

5k 


0.1 

5 

1.5 

1 

1.75 

100 

05 

D40K2 

D41K2 

1 

50 

10k 


0.2 

5 

1.5 

1.5 

1.67 

75 

05/61 

D40K4 

D41K4 

1 

50 

10k 


0.2 

5 

1.5 

1.0 

1.67 

75 

05/61 

NSDU45A 


1 

50 

25k 

150k 

0.2 

5 

1 

0.2 

1.75 

100 

05 

NSDU05 

NSDU55 

2 

60 

80 


0.05 

1 

0.5 

0.25 

1.75 

50 

38/78 

D40E5 

D41E5 

2 

60 

50 


0.1 

2 

1 

1 

1.3 


38/78 

NSDU06 

NSDU56 

2 

80 

80 


0.05 

1 

0.5 

0.25 

1.75 

50 

39/79 

D40E7 

D41E7 

2 

80 

50 


0.1 

2 

1 

1 

1.3 


38/78 

NSDU07 

NDSU57 

2 

100 

80 


0.05 

1 

0.5 

0.25 

1.75 

50 

39/79 

D42C1 

D43C1 

3 

30 

25 


0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C2 

D43C2 

3 

30 

100 

220 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C3 

D43C3 

3 

30 

40 

120 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C4 

D43C4 

3 

45 

25 


0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C5 

D43C5 

3 

45 

100 

220 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C6 

D43C6 

3 

45 

40 

120 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C7 

D43C7 

3 

60 

25 


0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C8 

D43C8 

3 

60 

100 

220 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C9 

D43C9 

3 

60 

40 

120 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C10 

D43C10 

3 

80 

25 


0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

D42C12 

D43C12 

3 

80 

40 

120 

0.2 

1 

0.5 

1 

2.1 

50 

4P/5P 

Pinout: NSDU, NSD, D40, D41 


EBC 










NSE, D42, D43 


BCE 
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Part Number 

NPN PNP 

ic 

(A) 

VCEO 

(V) 

Min 

hpE 

Max 

lc(A) 

@ 

Vce(V) 

Max VcE (SAT) 

(V) @ lc(A) 

Pd* 

(W) 

fT 

(MHz) 

Process 

(NPN/PNP) 

D44C1 

D45C1 

3 

30 

25 


0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C2 

D45C2 

3 

30 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C3 

D45C3 

3 

30 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C4 

D45C4 

3 

45 

25 


0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C5 

D45C5 

3 

45 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C6 

D45C6 

3 

45 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C7 

D45C7 

3 

60 

25 


0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C8 

D45C8 

3 

60 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C9 

D45C9 

3 

60 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C10 

D45C10 

3 

80 

25 


0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44C12 

D45C12 

3 

80 

40 

120 

0.2 

1 

0.5 

1 

30 

50 

4P/5P 

D44H1 

D45H1 

10 

30 

35 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H2 

D45H2 

10 

30 

60 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H4 

D45H4 

10 

45 

35 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H5 

D45H5 

10 

45 

60 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H7 

D45H7 

10 

60 

35 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H8 

D45H8 

10 

60 

60 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H10 

D45H10 

10 

80 

35 


2 

1 

1 

8 

50 

50 

4Q/5Q 

D44H11 

D45H11 

10 

80 

60 


2 

1 

1 

8 

50 

50 

4Q/5Q 


Pinout; BCE 


*Tc = 2500 


1 
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Substitution Guide for 
Non-Listed Pianar Power Part-Types 


Industry 
Part. No. 

Package 

NS 

Part No. 

Package 

2N2102 

TO-39 

TN2102 

TO-237 

2N2218A 

TO-39 

TN2218A 

TO-237 

2N2219A 

TO-39 

TN2219A 

TO-237 

2N2905 

TO-39 

TN2905 

TO-237 

2N3019 

TO-39 

TN3019 

TO-237 

2N3020 

TO-39 

TN3020 

TO-237 

2N3053 

TO-39 

TN3053 

TO-237 

2N3467 

TO-39 

TN3467 

TO-237 

2N3724 

TO-39 

TN3724 

TO-237 

2N3725 

TO-39 

TN3725 

TO-237 

2N4032 

TO-39 

TN4032 

TO-237 

2N4033 

TO-39 

TN4033 

TO-237 

2N4037 

TO-39 

TN4037 

TO-237 

MPSU01 

Mot 152 

NSDU01 

TO-202 

MPSU01 

Mot 152 

92PU01 

TO-237 

MPSU01A 

Mot 152 

NSDU01A 

TO-202 

MPSU01A 

Mot 152 

92PU01A 

TO-237 

MPSU02 

Mot 152 

NSDU02 

TO-202 

MPSU02 

Mot 152 

TN2219A 

TO-237 

MPSU03 

Mot 152 

92PU391 

TO-237 

MPSU04 

Mot 152 

92PU319 

TO-237 

MPSU05 

Mot 152 

NSDU05 

TO-202 

MPSU05 

Mot 152 

92PU05 

TO-237 

MPSU06 

Mot 152 

NSDU06 

TO-202 

MPSU06 

Mot 152 

92PU06 

TO-237 


Industry 
Part. No. 

Package 

NS 

Part No. 

Package 

MPSU07 

Mot 152 

NSDU07 

TO-202 

MPSU07 

Mot 152 

92PU07 

TO-237 

MPSU10 

Mot 152 

NSDU10 

TO-202 

MPSU10 

Mot 152 

92PU10 

TO-237 

MPSU31 

Mot 152 

TN2102 

TO-237 

MPSU45 

Mot 152 

NSDU45 

TO-202 

MPSU45 

Mot 152 

NSDU45 

TO-237 

MPSU45A 

Mot 152 

NSDU45A 

TO-202 

MPSU51 

Mot 152 

NSDU51 

TO-202 

MPSU51 

Mot 152 

92PU51 

TO-237 

MPSU51A 

Mot 152 

NSDU51A 

TO-202 

MPSU52 

Mot 152 

NSPU52 

TO-202 

MPSU52 

Mot 152 

92PU51A 

TO-237 

MPSU55 

Mot 152 

NSDU55 

TO-202 

MPSU55 

Mot 152 

92PU55 

TO-237 

MPSU56 

Mot 152 

NSDU56 

TO-202 

MPSU56 

Mot 152 

92PU56 

TO-237 

MPSU57 

Mot 152 

NSDU57 

TO-202 

MPSU57 

Mot 152 

92PU57 

TO-237 
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Industry 

NS Part 


Industry 

NS Part 


Industry 

NS Part 



Part No. 

Number 


Part No. 

Number 


Part No. 

Number 



2N6755 

2N6755 


2SK512 

IRF452 


BUZ63B 

IRF332 



2N6756 

2N6756 


2SK552 

IRF831 


BUZ64 

IRF352 



2N6757 

2N6757 


2SK553 

IRF830 


BUZ64A 

IRF352 



2N6758 

2N6758 


2SK554 

IRF841 


BUZ71 

FMP18N05 



2N6759 

2N6759 


2SK555 

IRF840 


BUZ71A 

FMP18N05 



2N6760 

2N6760 


BUZ10 

FMP18N05 


BUZ72 

IRF530 



2N6761 

2N6761 


BUZ10A 

FMP18N05 


BUZ72A 

IRF532 



2N6762 

2N6762 


BUZ20 

IRF530 


BUZ73A 

1RF632 



2N6763 

2N6763 


BUZ21 

IRF540 


BUZ74 

IRF820 



2N6764 

2N6764 


BUZ21A 

IRF540 


BUZ74A 

IRF822 



2N6765 

2N6765 


BUZ23 

IRF130 


BUZ76 

IRF720 



2N6766 

2N6766 


BUZ24 

IRF150 


BUZ76A 

IRF722 



2N6767 

2N6767 


BUZ25 

IRF140 


D84BK2 

IRF511 



2N6768 

2N6768 


BUZ30 

IRF632 


D84BL2 

IRF510 



2N6769 

2N6769 


BUZ31 

IRF640 


D84BM2 

IRF611 



2N6770 

2N6770 


BUZ32 

IRF630 


D84BQ1 

IRF711 



2SK277 

IRF333 


BUZ32A 

MTP12N20 


D84BQ2 

IRF710 



2SK278 

IRF332 


BUZ34 

IRF240 


D84CK1 

IRF521 



2SK294 

IRF522 


BUZ35 

IRF230 


D84CK2 

IRF521 



2SK295 

IRF522 


BUZ35A 

IRF230 


D84CL1 

IRF520 



2SK296 

MTP3N35 


BUZ36 

IRF252 


D84CL2 

IRF520 



2SK298 

IRF332 


BUZ40 

IRF822 


D84CM1 

IRF621 



2SK299 

IRF431 


BUZ41 

IRF842 


D84CM2 

IRF621 



2SK308 

IRF243 


BUZ41A 

IRF830 


D84CN1 

MTP7N18 



2SK310 

IRF710 


BUZ42 

IRF832 


D84CN2 

IRF620 



2SK311 

IRF823 


BUZ42A 

IRF832 


D84CQ1 

IRF721 



2SK312 

IRF342 


BUZ43 

IRF422 


D84CQ2 

IRF720 



2SK313 

IRF441 


BUZ44 

IRF442 


D84CR1 

IRF821 



2SK319 

IRF720 


BUZ44A 

IRF430 


D84CR2 

IRF820 



2SK320 

IRF723 


BUZ44B 

IRF430 


D84DK1 

IRF531 



2SK324 

IRF352 


BUZ45 

IRF452 


D84DK2 

IRF531 



2SK325 

IRF453 


BUZ45B 

IRF452 


D84DL1 

IRF530 



2SK338 

IRF730 


BUZ45C 

IRF453 


D84DL2 

IRF530 



2SK346 

IRF523 


BUZ46 

IRF432 


D84DM1 

IRF631 



2SK355 

iRF241 


BUZ46A 

IRF430 


D84DM2 

IRF631 



2SK357 

IRF623 


BUZ60 

IRF730 


D84DN1 

MTP12N18 



2SK382 

IRF822 


BUZ60A 

IRF730 


D84DN2 

IRF630 



2SK383 

IRF530 


BUZ60B 

IRF732 


D84DQ1 

IRF731 



2SK428 

IRF543 


BUZ63 

IRF330 


D84DQ2 

IRF730 



2SK440 

IRF630 


BUZ63A 

IRF330 


D84DR1 

IRF831 
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Industry 

NS Part 


Industry 

NS Part 


Industry 

NS Part 



Part No. 

Number 


Part No. 

Number 


Part No. 

Number 



D84DR2 

IRF830 


PM1010M 

IRF132 


RFM10N15 

IRF243 



D84EK1 

IRF541 


PM1010P 

IRF532 


RFM12N08 

IRF130 



D84EK2 

IRF641 


PM1203P 

IRF521 


RFM12N10 

IRF130 



D84EL1 

MTP4N08 


PM1204P 

IRF633 


RFM12N18 

IRF242 



D84EL2 

IRF540 


PM1206M 

IRF231 


RFM12N20 

IRF242 



D84EM1 

IRF641 


PM1206P 

IRF631 


RFM15N05 

IRF143 



D84EM2 

IRF641 


PM1503P 

IRF611 


RFM15N06 

IRF143 



D84EN1 

IRF640 


PM1504P 

IRF623 


RFM15N12 

IRF253 



D84EN2 

IRF640 


PM1506M 

IRF233 


RFM15N15 

IRF253 



D84EQ1 

IRF741 


PM1506P 

IRF633 


RFM18N08 

IRF142 



D84EQ2 

IRF740 


PM1510M 

IRF240 


RFM18N10 

IRF142 



D84ER1 

IRF841 


PM1510P 

IRF643 


RFM25N05 

IRF141 



D84ER2 

IRF840 


PM509P 

IRF523 


RFM25N06 

IRF141 



D84MN2 

IRF610 


PM510P 

IRF521 


RFM4N35 

IRF333 



D86DK1 

IRF131 


PM512M 

IRF131 


RFM4N40 

IRF332 



D86DK2 

IRF131 


PM512P 

IRF531 


RFM6N45 

IRF431 



D86DL1 

IRF130 


PM518M 

IRF143 


RFM6N50 

IRF430 



D86DL2 

IRF130 


PM604P 

IRF513 


RFM7N35 

MTM8N35 



D86DM1 

IRF231 


PM605P 

IRF523 


RFM7N40 

MTM8N40 



D86DM2 

IRF231 


PM608P 

IRF521 


RFM8N18 

IRF232 



D86DN1 

IRF230 


PM609P 

IRF523 


RFM8N20 

IRF232 



D86DN2 

IRF230 


PM610P 

IRF521 


RFP10N12 

IRF643 



D86DQ1 

IRF331 


PM612M 

IRF131 


RFP10N15 

IRF643 



D86DQ2 

IRF330 


PM612P 

IRF531 


RFP12N08 

IRF530 



D86DR1 

IRF431 


PM614M 

IRF131 


RFP12N10 

IRF530 



D86DR2 

IRF430 


PM614P 

IRF531 


RFP12N18 

IRF642 



D86EK1 

IRF141 


PM618M 

IRF143 


RFP12N20 

IRF642 



D86EL1 

IRF140 


PM618P 

IRF543 


RFP15N05 

IRF543 



D86EM1 

IRF241 


PM804P 

IRF512 


RFP15N06 

IRF543 



D86EN1 

IRF240 


PM805P 

IRF522 


RFP18N08 

IRF542 



D86EQ1 

IRF341 


PM808P 

IRF520 


RFP18N10 

IRF542 



D86EQ2 

IRF340 


PM814M 

IRF130 


RFP25N05 

FMP20N05 



D86ER1 

IRF441 


PM814P 

IRF530 


RFP25N06 

IRF541 



D86ER2 

IRF440 


PM816M 

IRF152 


RFP2N08 

IRF512 



D86FQ1 

IRF351 


PM816P 

MTP20N08 


RFP2N10 

IRF512 



D86FQ2 

IRF350 


PM820M 

IRF140 


RFP2N12 

IRF611 



D86FR1 

IRF451 


PM820P 

IRF540 


RFP2N15 

IRF611 



D86FR2 

IRF450 


RFK10N45 

IRF453 


RFP2N18 

IRF612 



IRFZ20 

FMP18N05 


RFK10N50 

IRF452 


RFP2N20 

IRF612 



IRFZ22 

FMP18N05 


RFK12N35 

IRF353 


RFP4N05 

IRF513 



MTP5N18 

IRF520 


RFK12N40 

IRF352 


RFP4N06 

IRF513 



MTP5N20 

IRF520 


RFK25N18 

IRF252 


RFP4N35 

IRF733 



MTP8N08 

IRF522 


RFK25N20 

IRF252 


RFP4N40 

IRF732 



MTP8N10 

IRF522 


RFK30N12 

IRF251 


RFP6N45 

IRF841 



MTP8N18 

IRF630 


RFK30N15 

IRF251 


RFP6N50 

IRF840 



MTP8N20 

IRF630 


RFK35N08 

IRF150 


RFP7N35 

IRF741 



MTP25N05 

FMP20N05 


RFK35N10 

IRF150 


RFP7N40 

IRF740 



PM1006P 

IRF522 


RFM10N12 

IRF243 


RFP8N18 

IRF630 
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Industry 

NS Part 


Industry 

NS Part 


Industry 

NS Part 



Part No. 

Number 


Part No. 

Number 


Part No. 

Number 



RFP8N20 

IRF630 


RRF723 

IRF723 


VN1120N5 

IRF612 



RRF320 

IRF320 


RRF730 

IRF730 


VN1200A 

IRF641 



RRF321 

IRF321 


RRF731 

IRF731 


VN1201A 

IRF643 



RRF322 

IRF322 


RRF732 

IRF732 


VN1210N5 

IRF520 



RRF323 

IRF323 


RRF733 

IRF733 


VN1216N5 

IRF620 



RRF330 

IRF330 


RRF820 

IRF820 


VN1220N5 

IRF620 



RRF331 

IRF331 


RRF821 

IRF821 


VN2306N1 

IRF143 



RRF332 

IRF332 


RRF822 

IRF822 


VN2310N1 

IRF142 



RRF333 

IRF333 


RRF823 

IRF823 


VN2310N5 

IRF542 



RRF420 

IRF420 


RRF830 

IRF830 


VN2316N1 

IRF242 



RRF421 

IRF421 


RRF831 

IRF831 


VN2316N5 

IRF642 



RRF422 

IRF422 


RRF832 

IRF832 


VN2320N1 

IRF242 



RRF423 

IRF423 


RRF833 

IRF833 


VN2320N5 

IRF642 



RRF430 

IRF430 


SD1002KD 

IRF430 


VN2335N1 

IRF341 



RRF431 

IRF431 


SD1005CD 

IRF631 


VN2335N5 

IRF741 



RRF432 

IRF432 


SD1005KD 

IRF231 


VN2340N1 

IRF340 



RRF433 

IRF433 


SD1011KD 

IRF440 


VN2340N5 

IRF740 



RRF510 

IRF510 


SD1012KD 

IRF431 


VN2345N1 

IRF433 



RRF511 

IRF511 


SD1014CD 

IRF622 


VN2345N5 

IRF843 



RRF512 

IRF512 


SD1021KD 

IRF330 


VN2350N1 

IRF442 



RRF513 

IRF513 


SD500CD 

IRF833 


VN2350N5 

IRF842 



RRF520 

IRF520 


SD500KD 

IRF433 


VN3500A 

IRF331 



RRF521 

IRF521 


SD900KD 

IRF442 


VN3500D 

IRF731 



RRF522 

IRF522 


STM3110 

IRF341 


VN3501A 

IRF333 



RRF523 

IRF523 


STM3111 

IRF340 


VN3501D 

IRF733 



RRF610 

IRF610 


STM3112 

IRF453 


VN3502A 

IRF430 



RRF611 

IRF611 


STM360 

IRF331 


VN4000A 

IRF330 



RRF612 

IRF612 


STM361 

IRF330 


VN4000D 

IRF730 



RRF613 

IRF613 


STM362 

IRF442 


VN4001A 

IRF332 



RRF620 

IRF620 


VN0800A 

IRF130 


VN4001D 

IRF732 



RRF621 

IRF621 


VN0800D 

IRF530 


VN4501A 

IRF431 



RRF622 

IRF622 


VN0801A 

IRF132 


VN4501D 

IRF831 



RRF623 

IRF623 


VN0801D 

IRF532 


VN4502A 

IRF433 



RRF710 

IRF710 


VN1000A 

IRF130 


VN4502D 

IRF833 



RRF711 

IRF711 


VN1000D 

IRF530 


VN5001A 

IRF430 



RRF712 

IRF712 


VN1001A 

IRF132 


VN5001D 

IRF830 



RRF713 

IRF713 


VN1001D 

IRF532 


VN5002A 

IRF432 



RRF720 

IRF720 


VN1106N5 

IRF511 


VN5002D 

IRF832 



RRF721 

IRF721 


VN1110N5 

IRF510 


VNL001A 

IRF331 



RRF722 

IRF722 


VN1116N5 

IRF612 


VNM001A 

IRF330 






VNN002A 

IRF443 






VNP002A 

IRF430 
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TL/G/10018-1 


Part 

Number 

Vdss 

(V) 

RDS(on) 

(H) 

■dr 

(A) 

Package 

Style 

Proc. 

IRF450CF 

500 

0.320 

14.5 

TO-204AA 

F4 

IRF450 


0.400 

13.0 

TO-204AA 

F4 

2N6770 


0.400 

12.0 

TO-204AA 

F4 

IRF452 


0.500 

12.0 

TO-204AA 

F4 

IRF440 


0.850 

8.0 

TO-204AA 

E3 

IRF442 


1.100 

7.0 

TO-204AA 

E4 

IRF430 


1.500 

4.5 

TO-204AA 

C4 

2N6762 


1.500 

4.5 

TO-204AA 

C4 

IRF432 


2.000 

4.0 

TO-204AA 

C4 

IRF451 

450 

0.400 

13.0 

TO-204AA 

F4 

IRF453 


0.500 

12.0 

TO-204AA 

F4 

2N6769 


0.500 

11.0 

TO-204AA 

F4 

IRF441 


0.850 

8.0 

TO-204AA 

E4 

IRF443 


1.100 

7.0 

TO-204AA 

E4 

IRF431 


1.500 

4.5 

TO-204AA 

C4 

IRF433 


2.000 

4.0 

TO-204AA 

C4 

2N6761 


2.000 

4.0 

TO-204AA 

C4 

IRF350CF 

400 

0.240 

16.8 

TO-204AA 

F3 

IRF350 


0.300 

15.0 

TO-204AA 

F3 

IRF352 


0.400 

13.0 

TO-204AA 

F3 

2N6768 


0.300 

14.0 

TO-204AA 

F3 

IRF340 


0.550 

10.0 

TO-204AA 

E3 

IRF342 


0.800 

8.0 

TO-204AA 

E3 

IRF330 


1.000 

5.5 

TO-204AA 

C3 

2N6760 


1.000 

5.5 

TO-204AA 

C3 

IRF332 


1.500 

4.5 

TO-204AA 

C3 

IRF351 

350 

0.300 

15.0 

TO-204AA 

F3 

IRF353 


0.400 

13.0 

TO-204AA 

F3 

2N6767 


0.400 

12.0 

TO-204AA 

F3 

IRF341 


0.550 

10.0 

TO-204AA 

F3 

IRF343 


0.800 

8.0 

TO-204AA 

E3 

IRF331 


1.000 

5.5 

TO-204AA 

C3 

IRF333 


1.500 

4.5 

TO-204AA 

C3 

2N6759 


1.500 

4.5 

TO-204AA 

C3 


Part 

Number 

VdsS 

(V) 

RDS(on) 

(H) 

Idr 

(A) 

Package 

Style 

Proc. 

IRF250CF 

200 

0.068 

33.0 

TO-204AE 

F3 

2N6766 


0.085 

30.0 

TO-204AE 

F2 

IRF250 


0.085 

30.0 

TO-204AE 

F3 

IRF252 


0.120 

25.0 

TO-204AE 

F3 

IRF240 


0.180 

18.0 

TO-204AA 

E2 

IRF242 


0.220 

16.0 

TO-204AA 

E2 

2N6758 


0.400 

9.0 

TO-204AA 

C2 

IRF230 


0.400 

9.0 

TO-204AA 

C2 

IRF232 


0.500 

8.0 

TO-204AA 

C2 

IRF251 

150 

0.085 

30.0 

TO-204AE 

F3 

2N6765 


0.120 

25.0 

TO-204AE 

F2 

IRF253 


0.120 

25.0 

TO-204AE 

F3 

IRF241 


0.180 

18.0 

TO-204AA 

E2 

IRF243 


0.220 

16.0 

TO-204AA 

E2 

IRF231 


0.400 

9.0 

TO-204AA 

C2 

IRF233 


0.500 

8.0 

TO-204AA 

C2 

2N6757 


0.600 

8.0 

TO-204AA 

C2 

IRF150CF 

100 

0.044 

44.0 

TO-204AE 

FI 

IRF150 


0.055 

40.0 

TO-204AE 

FI 

2N6764 


0.055 

38.0 

TO-204AE 

FI 

IRF152 


0.080 

33.0 

TO-204AE 

FI 

IRF140 


0.085 

27.0 

TO-204AE 

El 

IRF142 


0.110 

24.0 

TO-204AE 

El 

2N6756 


0.180 

14.0 

TO-204AA 

Cl 

IRF130 


0.180 

14.0 

TO-204AA 

Cl 

IRF132 


0.250 

12.0 

TO-204AA 

Cl 

IRF151 

60 

0.055 

40.0 

TO-204AE 

FI 

2N6763 


0.080 

31.0 

TO-204AE 

F3 

IRF153 


0.080 

33.0 

TO-204AE 

FI 

IRF141 


0.085 

27.0 

TO-204AE 

El 

IRF143 


0.110 

24.0 

TO-204AE 

El 

IRF131 


0.180 

14.0 

TO-204AA 

Cl 

2N6755 


0.250 

12.0 

TO-204AA 

Cl 

IRF133 


0.250 

12.0 

TO-204AA 

Cl 
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TO-220AB 


a 


TL/G/10018-2 


Part 

Vdss 

RDS(on) 

Idr 

Package 

Proc. 

Number 

(V) 

m 

(A) 

Style 

IRFP450CF 

500 

0.320 

15.5 

TO-3P 

F4 

IRFP450 



14.0 

TO-3P 

F4 

IRF840CF 


0.680 

8.9 

TO-220AB 

E4 

IRFP440C 


0.680 

10.5 

TO-3P 

E3 

IRF840 


0.850 

8.0 

TO-220AB 

E4 

IRFP440 


0.850 

8.8 

TO-3P 

E3 

IRF842 


1.100 

7.0 

TO-220AB 

E4 

IRF830CF 


1.200 

5.0 

TO-220AB 

C4 

IRF830 


1.500 

4.5 

TO-220AB 

C4 

MTP4N50 


1.500 

4.0 

TO-220AB 

C4 

IRF832 


nniiin 

4.0 

TO-220AB 

C4 

IRF820CF 



2.8 

TO-220AB 

B5 

IRF820 



2.5 

TO-220AB 

B5 

IRF822 



2.0 

TO-220AB 

B5 

MTP2N50 



2.5 

TO-220AB 

B5 

IRFP451CF 

450 

0.320 

15.5 

TO-3P 

F4 

IRFP451 


0.400 

14.0 

TO-3P 

F4 

IRFP441CF 


0.680 

10.5 

TO-3P 

F4 

IRF841 


0.850 

8.0 

TO-220AB 

E4 

IRFP441 


0.850 

8.8 

TO-3P 

E4 

IRF843 


1.100 

7.0 

TO-220AB 

E4 

MTP4N45 


1.500 

4.0 

TO-220AB 

C4 

IRF831 


1.500 

4.5 

TO-220AB 

C4 

IRF833 



4.0 

TO-220AB 

C4 

IRf=821 



2.5 

TO-220AB 

B5 

IRF823 



2.0 

TO-220AB 

B5 

MTP2N45 



2.5 

TO-220AB 

B5 

IRFP350CF 

400 

0.240 

18.0 

TO-3P 

F3 

IRFP350 


0.300 

16.2 

TO-3P 

F3 

IRF740CF 


0.440 

11.0 

TO-220AB 

E3 

IRFP340CF 


0.440 

12.0 

TO-3P 

E3 

IRF740 


0.550 

10.0 

TO-220AB 

E3 

IRFP340 


0.550 

11.0 

TO-3P 

E3 

IRF742 


0.800 

8.0 

TO-220AB 

E3 

IRF730CF 


0.800 

6.2 

TO-220AB 

C3 

IRF730 



5.5 

TO-220AB 

C3 

MTP5N40 


1.000 

5.0 

TO-220AB 

C3 

IRF720CF 


1.440 

3.8 

TO-220AB 

B4 

IRF732 


1.500 

4.5 

TO-220AB 

C3 

IRF720 


1.800 

3.0 

TO-220AB 

B4 

IRF722 


2.500 

2.5 

TO-220AB 

B4 

MTP3N40 


3.300 

3.0 

TO-220AB 

B4 

IRF710 


3.600 

1.5 

TO-220AB 

A3 

IRF712 


5.000 

1.3 

TO-220AB 

A3 

MTP2N40 


5.000 

2.0 

TO-220AB 

A3 


TO-3P 



TL/G/10018-3 


Part 

Vdss 

RDS(on) 

Idr 

Package 


Number 

(V) 

(ft) 

(A) 

Style 

IRFP351CF 

350 

0.240 

M 

TO-3P 


IRFP351 


0.300 

Im 

TO-3P 


IRFP341CF 


0.440 

wm 

TO-3P 

E3 

IRF741 


0.550 

10.0 

TO-220AB 

E3 

IRFP341 


0.550 

11.0 

TO-3P 

E3 

IRF743 


0.800 

8.0 

TO-220AB 

E3 

IRF731 


1.000 

5.5 

TO-220AB 

C3 

MTP5N35 


1.000 

5.0 

TO-220AB 

C3 

IRF733 


1.500 

4.5 

TO-220AB 

C3 

IRF721 


1.800 

3.0 

TO-220AB 

B4 

IRF723 


2.500 

2.5 

TO-220AB 

B4 

MTP3N35 


3.300 

3.0 

TO-220AB 

B4 

IRF711 


3.600 

1.5 

TO-220AB 

A3 

IRF713 


5.000 

1.3 

TO-220AB 

A3 

MTP2N35 


5.000 

2.0 

TO-220AB 

A3 

IRFP250CF 


0.068 

35.9 

TO-3P 

F3 

IRFP250 


0.085 

32.5 

TO-3P 

F3 

IRF640CF 


0.144 

20.0 

TO-220AB 

E2 

IRFP240CF 


0.144 

22.0 

TO-3P 

E2 

IRF640 


0.180 

18.0 

TO-220AB 

E2 

IRFP240 


0.180 

19.8 

TO-3P 

E2 

IRF642 


0.220 

16.0 

TO-220AB 

E2 

IRF630CF 


0.320 

10.0 

TO-220AB 

C2 

MTP12N20 


0.350 

12.0 

TO-220AB 

C2 

IRF630 


0.400 

9.0 

TO-220AB 

C2 

IRF632 


0.500 

8.0 

TO-220AB 

C2 

IRF620CF 


0.640 

5.6 

TO-220AB 

B3 

MTP7N20 


0.700 

7.0 

TO-220AB 

B3 

IRF620 


0.800 

5.0 

TO-220AB 

B3 

IRF622 


1.200 

4.0 

TO-220AB 

B3 

IRF610 


1.500 

2.5 

TO-220AB 

A2 

MTP2N20 


1.800 

3.5 

TO-220AB 

A2 

IRF612 


2.400 

2.0 

TO-220AB 

A2 

MTP12N18 

180 

0.350 

12.0 

TO-220AB 

C2 

MTP7N18 


0.700 

7.0 

TO-220AB 

B3 

MTP2N18 


1.800 

3.25 

TO-220AB 

A2 

IRFP251CF 

150 

0.068 

35.9 

TO-3P 

F3 

IRFP251 


0.085 

32.5 

TO-3P 

F3 

IRFP241CF 


0.144 

22.0 

TO-3P 

E2 

IRF641 


0.180 

18.0 

TO-220AB 

E2 

IRFP241 


0.180 

19.8 

TO-3P 

E2 

IRF643 


0.220 

16.0 

TO-220AB 

E2 
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TL/G/10018-3 


Part 

Number 

VdSS 

(V) 

RDS(on) 

(H) 

■dr 

(A) 

Package 

Style 

Proc. 

IRF631 

150 

0.400 

9.0 

TO-220AB 

C2 

IRF633 


0.500 

8.0 

TO-220AB 

C2 

IRF621 


0.800 

5.0 

TO-220AB 

B3 

IRF623 


1.200 

4.0 

TO-220AB 

B3 

IRF611 


1.500 

2.5 

TO-220AB 

A2 

IRF613 


2.400 

2.0 

TO-220AB 

A2 

IRFP150CF 

100 

0.044 

47.5 

TO-3P 

FI 

IRFP150 


0.055 

43.0 

TO-3P 

FI 

IRF540CF 


0.068 

30.0 

TO-220AB 

El 

IRFP140CF 


0.068 

33.0 

TO-3P 

El 

IRF540 


0.085 

27.0 

TO-220AB 

El 

IRFP140 


0.085 

29.5 

TO-3P 

El 

IRF542 


0.110 

24.0 

TO-220AB 

El 

IRF530CF 


0.144 

16.0 

TO-220AB 

C3 


Part 

Number 

VdsS 

(V) 

RDS(on) 

(H) 

■dr 

(A) 

Package 

Style 

Proc. 

MTP20N10 


0.150 

20.0 

TO-220AB 

C2 

IRF530 


0.180 

14.0 

TO-220AB 

C3 

IRF520CF 


0.240 

9.1 

TO-220AB 

B2 

IRF532 


0.250 

12.0 

TO-220AB 

C3 

IRF520 


0.300 

8.0 

TO-220AB 

B2 

MTP10N10 


0.330 

10.0 

TO-220AB 

C2 

IRF522 


0.400 

7.0 

TO-220AB 

B2 

IRF510 


0.600 

4.0 

TO-220AB 

A1 

IRF5i2 

100 

0.800 

3.5 

TO-220AB 

A1 

MTP4N10 


0.800 

5.0 

TO-220AB 

A1 

MTP20N08 

80 

0.150 

20.0 

TO-220AB 

Cl 

MTP10N08 


0.330 

10.0 

TO-220AB 

C2 

MTP4N08 


0.300 

5.0 

TO-220AB 

A1 

IRFP151CF 

60 

0.044 

47.5 

TO-3P 

FI 

IRFP151 


0.055 

43.0 

TO-3P 

FI 

IRFP141CF 


0.068 

33.0 

TO-3P 

El 

IRF541 


0.085 

27.0 

TO-220AB 

El 

IRFP141 


0.085 

29.5 

TO-3P 

El 

FMP18N06 


0.085 

20.0 

TO-220AB 

B1 

FMP20N06 


0.100 

18.0 

TO-220AB 

B1 

IRF543 


0.110 

24.0 

TO-220AB 

El 

IRF531 


0.180 

14.0 

TO-220AB 

C3 

IRF533 


0.250 

12.0 

TO-220AB 

C3 

IRF521 


0.300 

8.0 

TO-220AB 

B2 

IRF523 


0.400 

7.0 

TO-220AB 

B2 

IRF511 


0.600 

4.0 

TO-220AB 

A1 

IRF513 


0.800 

3.5 

TO-220AB 

A1 

FMP20N05 

50 

0.085 

20.0 

TO-220AB 

B1 

FMP18N05 


0.100 

18.0 

TO-220AB 

B1 
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National 

Semiconductor 


Diode Data 


Computer Diodes (Glass Package) 


Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

*R 

nA @ 

Max 

Vr 

V 

Min 

Vf 

V @ 

Max 

If 

mA 

C 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N625 

DO-35 

30 

1000 

20 


1.5 

4 


1000 

(Note 1) 

D4 

1N914 

DO-35 

100 

25 

20 


1.0 

10 


4 

(Note 2) 

D4 




5000 

75 








1N914A 

DO-35 

100 

25 

20 


1.0 

20 


4 

(Note 2) 

D4 




5000 

75 








1N914B 

DO-35 

100 

25 

20 


0.72 

5 


4 

(Note 2) 

D4 




5000 

75 


1.0 

100 





1N916 

DO-35 

100 

25 

20 


1.0 

10 


4 

(Note 2) 

D4 




5000 

75 








1N916A 

DO-35 

100 

25 

20 


1.0 

20 


4 

(Note 2) 

D4 




5000 

75 








1N916B 

DO-35 

100 

25 

20 


0.73 

5 


4 

(Note 2) 

D4 




5000 

75 


1.0 

30 





1N3064 

DO-35 

75 

100 

50 


0.575 

0.250 

2 

4 

(Note 3) 

D4 







0.650 

1.0 











0.710 

2.0 











1.0 

10.0 





1N3600 

DO-35 

75 

100 

50 

0.54 

0.62 

1.0 

2.5 

4 

(Note 4) 

D4 






0.66 

0.74 

10.0 










0.76 

0.86 

50.0 










0.82 

0.92 

100.0 










0.87 

1.0 

200.0 





1N4009 

DO-35 

35 

100 

25 


1.0 

30 

4 

2 

(Note 2) 

D4 

1N4146 

DO-35 

See Data for 1N914A/914B 

1N4147 

DO-35 

See Data for 1N914A/914B 

1N4148 

DO-35 

See Data for 1N914 

1N4149 

DO-35 

See Data for 1N916 

1N4150 

DO-35 

See Data for 1N3600 

1N4151 

DO-35 

75 

50 

50 


1.0 

50 

4 

2 

(Note 2) 

D4 

1N4152 

DO-35 

40 

50 

30 

0.49 

0.55 

0.1 

4 

2 

(Note 2) 

D4 






0.53 

0.59 

0.25 










0.59 

0.67 

1.0 










0.62 

0.70 

2.0 










0.70 

0.81 

10.0 










0.74 

0.88 

20.0 





1N4153 

DO-35 

75 

50 

50 

See1N4152 

4 

2 

(Note 2) 

D4 

1N4154 

DO-35 

35 

100 

25 


1.0 

30 

4 

2 

(Note 2) 

D4 


2 
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Diode Data 


Computer Diodes (Glass Package) (Continued) 


Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

nA @ 

Max 

Vr 

V 

Min 

Vf 

V @ 

Max 

If 

mA 

c 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N4244 

DO-7 

20 

100 

10 


1.0 

20 

0.8 

0.75 

(Note 5) 

D3 




250 

15 








1N4305 

DO-35 

75 

100 

50 


0.575 

0.250 

2 

2 

(Note 2) 








0.650 

1.0 


4 

(Note 3) 








0.710 

2.0 











0.85 

10.0 





1N4376 

DO-7 

20 

100 

10 

0.42 

0.50 

0.010 

1.0 

750 

(Note 5) 

D3 






0.52 

0.61 

0.1 










0.64 

0.74 

1.0 










0.76 

0.88 

10.0 










0.81 

0.95 

20.0 










0.89 

1.10 

50.0 






Note 1: Ip = 30 mA, Vr = 35V, Recovery to 400 kft. 

Note 2: Ip = 10 mA, Vr = 5V, Rl = 100ft, Recovery to 1.0 mA. 
Note 3: Ip = Ir = 10 mA, Vr = 1.0V, Rl = 100ft. 

Note 4: Ip = Ir = 10 mA to 200 mA, Rl = 100ft. 

Note 5: Ip = Ir = 10 mA, Rl = 100ft, Recovery to 1.0 mA. 


Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Ir 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Min Max 

If 

mA 

pF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N4446 

DO-35 

100 

25 

20 


1.0 

20 

4.0 

4.0 

(Notel) 

D4 

1N4447 

DO-35 

100 

25 

20 


1.0 

20 

4.0 

4.0 

(Note 1) 

D4 

1N4448 

DO-35 

100 

25 

20 


1.0 

100 

2.0 

4.0 

(Note 1) 

D4 

1N4449 

DO-35 

100 

25 

20 


1.0 

30 

2.0 

4.0 

(Note 1) 

D4 

1N4450 

DO-35 

40 

50 

30 

0.42 



4.0 



D4 






0.52 












0.64 












0.80 













WBM 






1N4454 

DO-35 

75 

100 

50 




2.0 



D4 

1N5282 

DO-35 

80 

100 

55 

0.45 

0.49 

0.1 

2.5 

2.0 


D4 






0.55 

0.60 

1.0 










0.67 

0.725 

10.0 










0.80 

0.90 











0.92 

1.10 

300.0 










1.05 

1.30 

500.0 





BAX13 

DO-35 

50 

25 

10 


0.7 

2.0 

3.0 

4.0 

(Note 3) 

D4 




50 

25 


1.0 

20.0 








200 

50 


1.53 

75.0 





BAY71 

DO-35 

50 

100 

35 

0.46 

0.56 

0.1 

2.0 

2.0 

(Note 4) 

D4 






0.57 

0.69 

1.0 










0.69 

0.88 

10.0 










0.76 

1.0 

20.0 





BAW75 

DO-35 

35 

100 

25 


1.0 

30 


2.0 

(Note 4) 

D4 

BAW76 

DO-35 

75 

100 

50 


1.0 

100 


2.0 

(Note 4) 

D4 
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Diode Data 


Low Leakage Diodes (Glass Package) 


Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Ir 

nA @ 
Max 

Vr 

V 

Min 

Vf 

V @ 

Max 

If 

mA 

C 

PF 

Max 

Proc 

No. 

1N456 


30 

25 

CM 


1.0 

40 

10 

D2 



30 

25 

25 


1.0 

100 


D2 


DO-35 

70 

25 

60 


1.0 

20 

8.0 

D2 

1N457A 

DO-35 

70 

25 

60 


1.0 

100 


D2 

1N458 

DO-35 

150 

25 

125 


1.0 

7 

6.0 

D2 

1N458A 

DO-35 

150 

25 

125 


1.0 

100 


D2 

1N459 

DO-35 

200 

25 

175 


1.0 

3 

6 

IS 

1N459A 


200 

25 

175 


1.0 

100 


■M 

1N482B 

DO-35 

40 

25 

36 


1.0 

100 


D2 

1N483B 

DO-35 

80 

25 

70 


1.0 

100 


D2 

1N484B 

DO-35 

150 

25 

130 


1.0 

100 


D2 

1N485B 

DO-35 

200 

25 



1.0 

100 


D2 

1N486B 

DO-35 

250 

50 

225 


1.0 

100 



1N3595 

DO-35 

150 

1.0 

125 

See1N6099 

8.0 


1N6099 

DO-35 

150 

1.0 

125 

0.52 

0.68 

1.0 

8.0 

[ 

D2 






0.60 

0.75 

5.0 








0.65 

0.80 

10.0 








0.75 

0.88 

50.0 








0.79 

0.92 

100.0 








0.83 

1.0 

200.0 



BAY73 

DO-35 

125 

5 

100 

0.60 

0.68 

1.0 

8.0 

D2 






0.67 

0.75 

5.0 








0.69 

0.80 

10.0 








0.78 

0.88 

50.0 








0.81 

0.94 

100.0 








0.85 

1.00 

200.0 



BA129 

DO-35 

200 

10 

180 

0.51 

0.60 

0.1 

6.0 

D2 






0.60 

0.71 

1.0 








0.69 

0.83 

10 








0.78 

1.00 

100 



FDH300 

DO-35 

150 

1.0 

125 


0.68 

1.0 

6.0 

D2 







0.75 

5.0 









0.8 

10.0 









0.88 

50.0 









0.92 

100.0 









1.0 

200.0 



FDH333 

DO-35 

150 

3.0 

125 

0.80 

0.89 

50 

6.0 

D2 






0.83 

0.94 

100 








0.86 

0.97 

150 








0.87 

1.05 

200 








0.88 

1.08 

250 








0.90 

1.15 

300 



FJT1100 

DO-7 


0.001 

5.0 


1.05 

50 

■Bi 

D6 




0.010 

15.0 




■■ 


FJT1101 

DO-7 

20 

0.005 

5.0 


1.10 

50 

■■ 

D6 




0.015 

15.0 
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High Voltage Diodes (Glass Package) 

Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Vr 

Max 

V @ \ 

Min Max 

C 

pF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N625 

DO-35 

30 

1000 20 

1.5 4.0 


1000 

(Note 1) 

D1 

1N626 

DO-35 

50 

1000 35 

1.5 4.0 


1000 

(Note 1) 

D1 

1N627 

DO-35 

100 

1000 75 

1.5 4.0 


1000 

(Note 1) 

D1 

1N628 

DO-35 

150 

1000 125 

1.5 4.0 


1000 

(Note 1) 

D1 

1N629 

DO-35 

200 

1000 175 

1.5 4.0 


1000 

(Note 1) 

D1 

1N658 

DO-35 

120 

50 50 

1.0 100 


300 

(Note 2) 

D1 

1N659 

DO-35 

60 

5000 50 

1.0 6.0 


300 

(Note 2) 

D1 

1N660 

DO-35 

120 

5000 100 

1.0 6 


300 

(Note 3) 

D1 

1N661 

DO-35 

240 

10000 200 

1.0 6 


300 

(Note 3) 

D1 

Note 1: Ip = 30 mA, Vr = 35V, Recovery to 400 kfl. 

Note 2: Vr = 40V, Ip = 5.0 mA, Rl = 2.0 kfl. Cl = 10 pF, Recovery to 80 kft. 

Note 3: Vr = 35V, Ip = 30 mA, Rl = 2.0 kH, Cl = 10 pF, Recovery to 400 kn. 

Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Vr 

nA @ 

Max 

''f I 

V @ 

Min Max "* 

C 

pF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N3070 

DO-35 

200 

100 175 

1.0 100 

5.0 

50 

(Note 1) 

D1 

1N4938 

DO-35 

200 

100 175 

1.0 100 

5.0 

50 

(Note 1) 

D1 

BAV19 

DO-35 

120 

100 100 

1.0 100 

5.0 



D1 

BAV20 

DO-35 

200 

100 150 

1.0 100 

5.0 

50 

(Note 2) 



DO-35 

250 

100 200 

1.0 100 

5.0 

50 

(Note 2) 



DO-35 


imfiiH 

1.2 200 

10 



i^s 

B 

DO-35 

125 

100 100 

0.51 0.64 1.0 

0.63 0.78 10.0 

0.73 0.92 50.0 

0.78 1.0 100.0 

5.0 

50 

(Note 3) 

D1 

BAY80 

DO-35 

150 

100 120 

1.0 150 

6.0 

60 


Bi 

FDH400 

DO-35 

200 

100 150 

1.1 300 

2.0 

50 

(Note 4) 

i3 

FDH444 

DO-35 

150 

50 100 

1.2 300 

2.5 

60 

(Note 4) 

D1 

Note 1: Ip = Ir = 30 mA, Rl = lOOfl. 

Note 2: Ip = 30 mA, Ir = 30 mA, Rl = lOOn, Recovery to Ir = 3 mA. 

Note 3: Ip = Ir = 30 mA, Rl = 75fl. 

Note 4: Ip = 30 mA, Rl = lOOfl, Irr = 3.0 mA. 
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Diode Data 


General Purpose Diodes (Glass Package) 


Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Ir 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Min Max 

If 

mA 

c 

pF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N461A 

DO-35 

30 

500 

25 


1.0 

100 




D2 

1N462A 

DO-35 

70 

500 

60 


1.0 

100 




D2 

1N463A 

DO-35 

200 

500 

175 


1.0 

100 




D2 

1N659 

DO-35 

60 

5000 

50 


1.0 

6.0 


300 

(Note 1) 

D4 

1N660 

DO-35 

120 

5000 

100 


1.0 

6.0 


300 

(Note 1) 

D1 

1N661 

DO-35 

240 

10000 

200 


1.0 

6.0 


300 

(Note 1) 

D1 

1S44 

DO-35 

50 

50 

10 

0.65 

1.0 

10 

4.0 

8 

(Note 2) 

D4 






0.70 

1.2 

30 





1S920 

DO-35 

50 

100 

50 


1.2 

200 

6.5 



D1 

1S921 

DO-35 

100 

100 

100 


1.2 

200 

6.5 



D1 

1S922 

DO-35 

150 

100 

150 


1.2 

200 

6.5 



D1 

1S923 

DO-35 

200 

100 

200 


1.2 

200 

6.5 



D1 

BA128 

DO-35 

75 

100 

50 

0.40 

0.52 

0.1 

5.0 



D4 






0.51 

0.64 

1.0 










0.63 

0.79 

10 










0.73 

1.00 

50 





BA130 

DO-35 

30 

100 

25 

0.34 

0.47 

0.01 

2.0 



D4 






0.45 

0.58 

0.1 










0.56 

0.71 

1.0 










0.69 

1.00 

10 





BA217 

DO-35 

30 

200 

30 


1.5 

50 

3.0 

4.0 

(Note 5) 

D4 

BA218 

DO-35 

50 

200 

50 


1.5 

50 

3.0 

4.0 



BA317 

DO-36 

30 



0.85 

10 

2.0 

4.0 




DO-35 

50 



0.85 

10 

2.0 

4.0 

(Note 4) 

D4 

BAV17 

DO-35 

25 

100 

20 


1.0 

100 

5.0 

50 

(Note 3) 

D4 

BAV18 

DO-35 

60 

100 

50 


1.0 

100 

5.0 

50 

(Note 3) 

D4 

BAX16 

DO-35 

180 

100 

150 


1.5 

200 

10 



D1 

FDH900 

DO-35 

45 

500 

40 


1.0 

100 

3.0 

4.0 

(Note 4) 

D4 

FDH999 

DO-36 

35 

1000 

25 


1.0 

10 

5.0 

5.0 

(Note 4) 

D4 

FDH1000 


75 

5000 

50 


1.0 

500 

5.0 



D4 


Note 1: Vr = 35V, Ip = 30 mA, Rl = 2.0 kft, Cl = 10 pF, Recovery to 400 kn. 
Note 2: Ip = Ir = 10 mA, Recovery to 1 mA. 

Note 3: Ip = 30 mA, Ir = 30 mA, Rl = lOOn. 

Note 4: Ip = 10 mA, Ir = 10 mA, Rl = lOOn, Irr = 1.0 mA. 

Note 5: If = 10 mA, Ir = 60 mA; Rl = lOOfl; Recovery to 1 mA. 

Note 6: Ip = 10 mA; Ir = 60 mA; Rl = 100ft. 
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Military Qualified Diodes 


Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Ir 

nA @ 

Max 

Vr 

V 

Vf 

V @ 

Max 

If 

mA 

c 

pF 

Max 

1 trr 

ns 

Max 

Proc. 

No. 

1N457JAN 

DO-35 

70 

25 

60 

1.0 

20 

6.0 


D2 

1N458JAN 

DO-35 

150 

25 

125 

1.0 

7.0 

6.0 


D2 

1N459JAN 

DO-35 

200 

25 

175 

1.0 

3.0 

6.0 


D2 

1N483BJAN 

DO-35 

80 

25 

70 

1.0 

100 



D2 

1N483BJANTX 

DO-35 

80 

25 

70 

1.0 

100 



D2 

1N485BJAN 

DO-35 

200 

25 

180 

1.0 

100 



D2 


DO-35 

200 

25 

180 

1.0 

100 



D2 

1N486BJAN 

DO-35 


25 

225 

1.0 

100 



D2 



250 

25 

225 

1.0 

100 



D2 

1N914JAN 

DO-35 

100 

25 

20 

1.0 

10 

4.0 

4.0 

D4 

1N914JANTX 


100 

25 

20 

1.0 

10 

4.0 

4.0 

D4 

1N3064JAN 

DO-7 

75 

100 

50 

1.0 

10 

2.0 

4.0 

D4 

1N3064JANTX 

DO-7 

75 

100 

50 

1.0 

10 

2.0 

4.0 

D4 

1N3595JAN 

DO-7 

150 

1.0 

125 

1.0 

200 

8.0 

3000 

D2 

1N3595JANTX 

DO-7 

150 

1.0 

125 

1.0 

200 

8.0 

3000 

D2 

1N3595JANTXV 

DO-7 

150 

1.0 

125 

1.0 

200 

8.0 

3000 

D2 

1N3600JAN 

DO-7 

75 

100 

50 

1.0 

200 

2.5 

4.0 

D4 

1N3600JANTX 

DO-7 

75 

100 

50 

1.0 

200 

2.5 

4.0 

D4 


DO-7 

75 

100 

50 

1.0 

200 

2.5 

4.0 

D4 

1N4148-1JAN 


100 

25 

20 

1.0 

10 

4.0 

4.0 

D4 


DO-35 

100 

25 

20 

1.0 

10 

4.0 

4.0 

D4 

1N4148-1JANTXV 


100 

25 

20 

1.0 

10 

4.0 

4.0 

D4 

1N4150-1JAN 

DO-35 

75 

100 

50 

1.0 

200 

2.5 

4.0 

D4 

1N4150-1JANTX 


75 

100 

50 

1.0 

200 

2.5 

4.0 

D4 

1N4150-1JANTXV 

DO-35 

75 

100 

50 

1.0 

200 

2.5 

4.0 

D4 

1N4376JAN 

DO-7 

20 

100 

10 

1.1 

50 

1.0 

0.75 

D3 

1N4376JANTX 

DO-7 

20 

100 

10 

1.1 

50 

1.0 

0.75 

D3 

1N4454-1JAN 

DO-35 

75 

100 

50 

1.0 

10 

2.0 

4.0 

D4 

1N4454-1JANTX 

DO-35 

75 

100 

50 

1.0 

10 

2.0 

4.0 

D4 

1N4454-1JANTXV 

DO-35 

75 

100 

50 

1.0 

10 

2.0 

4.0 

D4 

1N3070JAN 



100 

175 

1.0 

100 

5.0 

50 

D1 

1N3070JANTX 


200 

100 

175 

1.0 

100 

5.0 

50 

D1 


DO-7 

75 

50 

50 

1.0 

50 

2.0 

4.0 

D4 

1N4306JANTX 

DO-7 

75 

50 

50 

1.0 

50 

2.0 

4.0 

D4 

1N4306JANTXV 

DO-7 

75 

50 

50 

1.0 

50 

2.0 

4.0 

D4 

1N4307JAN 

DO-7 

75 

50 

50 

1.0 

50 

2.0 

4.0 

D4 

1N4307JANTX 

DO-7 

75 

50 

50 

1.0 

50 

2.0 

4.0 

D4 

1N4307JANTXV 

DO-7 

75 

50 

50 

1.0 

50 

2.0 

4.0 

D4 
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Diode Data 


Military Qualified Diode Arrays (Ceramic Package) (Notei) 


Device 

No. 

Package 

No. 

Configuration 

Vrrm 

V 

Min 

Vf 

V @ 
Max 

If 

mA 

tfr 

ns 

Max 

trr 

ns 

Max 

C 

PF 

Max 

1N5768JAN 

TO-85 

CC8 

60 

1.0 

100 

40 

20 

4.0 

1N5768JANTX 

TO-85 

CC8 

60 

1.0 

100 

40 

20 

4.0 

1N5768JANTXV 

TO-85 

CC8 

60 

1.0 

100 

40 

20 

4.0 

1N5770JAN 

TO-85 

CA8 

60 

1.0 

100 

40 

20 

8.0 

1N5770JANTX 

TO-85 

CA8 

60 


100 

40 

20 

8.0 

1N5770JANTXV 


CA8 

60 

1.0 

100 

40 

20 

8.0 

1N5772JAN 


M16N 

60 

1.0 

100 

40 

20 

8.0 

1N5772JANTX 


M16N 

60 

1.0 

100 

40 

20 

8.0 

1N5772JANTXV 

TO-85 

M16N 

60 

1.0 

100 

40 

20 

8.0 

1N5774JAN 

TO-86 


60 

1.0 

100 

40 

20 

8.0 

1N5774JANTX 

TO-86 

2M8 

60 

1.0 

100 

40 

20 

8.0 

1N5774JANTXV 

TO-86 

2M8 

60 

1.0 

100 

40 

20 

8.0 

1N6100JAN 


S7 

75 

1.0 

100 

15 

5.0 

3.0 

1N6100JANTX 

TO-86 

S7 


1.0 

100 

15 

5.0 

3.0 

1N6100JANTXV 

TO-86 

S7 

75 

1.0 

100 

15 

5.0 

3.0 

1N6101JAN 

6B 

S8 

75 

1.0 

100 

15 

5.0 

3.0 

1N6101JANTX 

6B 

S8 

75 

1.0 

100 

15 

5.0 

3.0 

1N6101JANTXV 

6B 

S8 

75 

1.0 

100 

15 

5.0 

3.0 


Note 1: Refer to Process 15 for product family characteristics. 

Note 2: tfr test conditions: if = 500 mA; Rg = lOJ); Vfr = 1.8V, tf = 15 ns Max. 

Note 3: Capacitance is measured pin-to-pin across each diode and does not necessariiy represent actual diode capacitance since other diode interconnections 
can contribute additional capacitance. 


Configurations 


CC8 


6 6 


!! 


2 3 4 5 6 7 


M16N 


10 


80 


204 04 04 O-t O-f 04 


S7 


6 6 6 6 6 


10 

TL/G/10019-2 


TL/G/10019-4 


7 6 5 4 3 2 1 

mini 

8 9 10 11 12 13 14 


TL/G/10019-5 


CAS 



TL/G/10019-1 

2M8 



S8 


8 7 6 5 4 3 2 1 

iiliiili 

9 10 11 12 13 14 15 16 

TL/G/10019-18 
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Monolithic Diode Arrays (Plastic-Ceramic-Metai Packages] 


Device 

No. 

Package 

No. 

Configuration 

Vrrm 

V 

Min 

1 

V @ 

Max 

AVp 

mV 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N5768 

TO-85 

CC8 

60 

1.0 100 


20 

(Note 1) 

D15 

1N5770 

TO-85 

CA8 

60 

1.0 100 


20 

(Note 1) 

D15 

1N5772 

TO-85 

M16N 

60 

1.0 100 


20 

(Note 1) 

D15 

1N5774 

TO-86 

2M8 

60 

1.0 100 


20 

(Note 1) 

D15 

1N6100 

TO-86 

S8 

75 

1.0 100 


5 

(Note 2) 

D15 

1N6101 

TO-116-2 

S8 

75 

1.0 100 


5 

(Note 2) 

D15 

1N6496 

20 Lead 
Cerpak 

2M16 

60 

1.0 200 

1.2 250 

1.5 500 


10 

(Note 3) 

D15 

FSA2002 

TO-85 

CC8 

60 

1.0 100 

1.1 200 

1.5 500 


10 

(Note 3) 

D15 

FSA2003 

TO-85 

CA8 

60 

1.0 100 

1.1 200 

1.5 500 


10 

(Note 3) 

D15 

FSA2500M 

TO-85 

M16 

60 

1.0 100 

1.1 200 

1.5 500 

15 

10 

(Note 3) 

D15 

FSA2501M 

TO-116-2 

M16S 

60 

1.0 100 

1.1 200 

1.5 500 

15 

10 

(Note 3) 

D15 

FSA2501P 

TO-116 

M16S 

60 

See FSA2500M 

15 

10 

(Note 3) 

D15 

FSA2503M 

TO-116-2 

2M8 

60 

1.0 100 

1.1 200 

1.5 500 

15 

10 

(Note 3) 

D15 

FSA2503P 

TO-116 

2M8 

60 

1.0 100 

1.1 200 

1.5 500 

15 

10 

(Note 3) 

D15 

FSA2504M 

TO-86 

2M8 

60 

See FSA2503M 

15 

10 

(Note 3) 

D15 

FSA2508P 

9B 

2M8 

60 

See FSA2509M 

15 

10 

(Note 3) 

D15 

FSA2509M 

TO-116-2 

2M8 

60 

1.0 100 

1.1 200 

1.3 500 

15 

10 

(Note 3) 

D15 

FSA2509P 

TO-116 

_ 1 

2M8 

60 

1.0 100 

1.1 200 

1.3 500 

15 

10 

_ 

(Note 3) 

D15 
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Diode Data 




Diode Data 


Monolithic Diode Arrays (Piastic - Ceramic - Metai Packages) (continued) 

Device 

No. 

Package 

No. 

Configuration 

Vrrm 

V 

Min 

V . 

.. mA 

Max 

AVf 

mV 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

FSA2510M 

TO-116-2 

M16S 

60 

See FSA2509 

15 

10 

(Note 3) 

D15 

FSA2510P 

TO-116 

M16S 

60 

See FSA2509 

15 

10 

(Note 3) 

D15 

FSA2563M 

TO-116-2 

CC8S 

60 

1.0 100 

1.1 200 

1.3 500 

15 

10 

(Note 3) 

D15 

FSA2563P 

TO-116 

CC8S 

60 

1.0 100 

1.1 200 

1.3 500 

15 

10 

(Note 3) 

D15 

FSA2564M 

TO-116-2 

CA8S 

60 

See FSA2563 

15 

10 

(Note 3) 

D15 

FSA2564P 

TO-116 

CA8S 

60 

See FSA2563 

15 

10 

(Note 3) 

D15 

FSA2565M 

TO-116-2 

CC13 

60 

See FSA2563 

15 

10 

(Note 3) 

D15 

FSA2565P 

TO-116 

CC13 

60 

See FSA2563 

15 

10 

(Note 3) 

D15 

FSA2566M 

TO-116-2 

CA13 

60 

See FSA2563 

15 

10 

(Note 3) 

D15 

FSA2566P 

TO-116 

CA13 

60 

See FSA2563 

15 

10 

(Note 3) 

D15 

Note 1: If = 200 mA, Ir = 200 mA, Rl = 100n, = 20 mA. 

Note 2: Ip = Ir = 10 mA, l^r = 1.0 mA, Rl = lOOfl. 

Note 3: Ip = Ir = 100 mA, Rl = 100ft, Recovery to 0.1 Ir. 

Device 

No. 

Package 

No. 

Configuration 

Vrrm 

V 

Min 

V . 

__ mA 

Max 

AVf 

mV 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

FSA2619M 

6B 

S8 

100 

1.0 10 

15 

5 

(Note 1) 

D15 

FSA2619P 

9B 

S8 

100 

1.0 10 

15 

5 

(Note 1) 

D15 

FSA2620M 

TO-116-2 

S7 

100 

1.0 10 

15 

5 

(Note 1) 

D15 

FSA2620P 

TO-116 

S7 

100 

1.0 10 

15 

5 

(Note 1) 

D15 

FSA2621M 

TO-86 

S7 

100 

1.0 10 

15 

5 

(Note 1) 

D15 

FSA2621M 

TO-116 

S7 

100 

1.0 10 

15 

5 

(Note 1) 

D15 

FSA2719M 

6B 

S8 

75 

1.0 10 

15 

6 

(Note 1) 

D15 

FSA2719P 

9B 

S8 

75 

1.0 10 

15 

6 

(Note 1 ) 

D15 

FSA2720M 

TO-116-2 

S7 

75 

1.0 10 

15 

6 

(Note 1 ) 

D15 

FSA2720P 

TO-116 

S7 

75 

1.0 10 

15 

6 

(Note 1) 

D15 

FSA2721M 

TO-86 

S7 

75 

1.0 10 

15 

6 

(Note 1) 

D15 

Note 1: Ip = Ir = 10 mA, 1^^ = 10 mA. 
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Diode Data 


Zener Diodes (Glass Package) 


Device 

No. 

Package 

No. 

Vz 

V 

Norn 

Tol. 

±Vz 

% 

a 

Max 

§ Iz 
mA 

■r 

fiA 

Max 

® v" 

T.C. 

%/°C 

Typ (Max) 

Pd 

mW 

Ta = 25X 

Proc. 

No. 

1N746A 

DO-35 

3.3 

5.0 

28.0 

20 

10 

1.0 

-0.070 

500 

D13 

1N747A 

DO-35 

3.6 

5.0 

24.0 

20 

10 

1.0 

-0.065 

500 

D13 

1N748A 

DO-35 

3.9 

5.0 

23.0 

20 

10 

1.0 


500 

D13 

1N749A 

DO-35 

4.3 

5.0 

22.0 

20 

2 

1.0 

-0.055 

500 

D13 

1N750A 

DO-35 

4.7 

5.0 

19.0 

20 

2 

1.0 


500 

D13 

1N751A 

DO-35 

5.1 

5.0 

17.0 


1 

1.0 

-0.030 

500 

D13 

1N752A 

DO-35 

5.6 

5.0 

11 

imsi 

1.0 

1.0 

+ 0.028 

500 


1N753A 

DO-35 

6.2 

5.0 

7.0 

20 

0.1 

1.0 

+ 0.045 

500 

D13 

1N754A 

DO-35 

6.8 

5.0 

5.0 

20 

0.1 

1.0 

+ 0.050 

500 

D13 

1N755A 

DO-35 

7.5 

5.0 

6.0 

20 

0.1 

1.0 

+ 0.058 

500 


1N756A 

DO-35 

8.2 

5.0 

8.0 

20 

0.1 

1.0 

+ 0.062 

500 

D13 

1N757A 

DO-35 

9.1 

5.0 

10 


0.1 


+ 0.068 

500 

D13 

1N758A 

DO-35 

10 

5.0 

17 

20 

0.1 

1.0 

+ 0.075 

500 

D13 

1N759A 

DO-35 

12 

5.0 

30 

20 

0.1 

1.0 


500 


1N957B 

DO-35 

6.8 

5.0 

4.5 

18.5 

150 

5.2 

+ 0.050 

500 


1N958B 

DO-35 

7.5 

5.0 

5.5 

16.5 

75 

5.7 

+ 0.058 

500 

D13 

1N959B 

DO-35 

8.2 

5.0 

6.5 

15 

50 

6.2 

+ 0.062 

500 

D13 

1N960B 

DO-35 

9.1 

5.0 

7.5 

14 

25 

6.9 

+ 0.068 

500 

D13 

1N961B 

DO-35 

10 

5.0 

8.5 

12.5 

10 

7.6 

+ 0.072 

500 

D13 

1N962B 

DO-35 

11 

5.0 

9.5 

11.5 

5.0 

8.4 

+ 0.073 

500 

D13 

1N963B 

DO-35 

12 

5.0 

11.5 

10.5 

5.0 

9.1 

+ 0.076 

500 

D13 

1N964B 

DO-35 

13 

5.0 

13 

9.5 

5.0 

9.9 

+ 0.079 

500 

D13 

1N965B 

DO-35 

15 

5.0 

16 

8.5 

5.0 

11.4 

+ 0.082 

500 

D13 

1N966B 

DO-35 

16 

5.0 

17 

7.8 

5.0 

12.2 

+ 0.083 

500 

D13 

1N967B 

DO-35 

18 

5.0 

21 

7.0 


13.7 


500 

D13 

1N968B 

DO-35 

20 

5.0 

25 

6.2 

5.0 

15.2 


500 

D13 

1N969B 

DO-35 

22 

5.0 

29 

5.6 

5.0 

16.7 

+ 0.087 

500 

D13 

1N970B 

DO-35 

24 

5.0 

33 

5.2 

5.0 

18.2 

+ 0.088 

500 

D13 

1N971B 

DO-35 

27 

5.0 

41 

4.6 

5.0 

20.6 


500 

D13 

1N972B 

DO-35 

30 

5.0 

49 

MM 

5.0 

22.8 


500 

D13 

1N973B 

DO-35 

33 

5.0 

58 


5.0 

25.1 

+ 0.092 

500 

D13 
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Zener Diodes (Glass Package) (Continued) 


Device 

No. 

Package 

No. 

Vz 

V 

Norn 

Tol. 

±Vz 

% 

Cl 

Max 

§ Iz 
mA 

— 

■r 

jaA 

Max 


T.C. 

%rc 

Typ (Max) 

Pd 

mW 

Ta = 25X 

Proc. 

No. 

1N4728A 

DO-41 

3.3 

5.0 

10 

76 

100 

1.0 


1000 

D14 

1N4729A 

DO-41 

3.6 

5.0 

10 

69 

100 

1.0 


1000 

D14 

1N4730A 

DO-41 

3.9 

5.0 

9 

64 

50 

1.0 


1000 

D14 

1N4731A 

DO-41 

4.3 

5.0 

9 

58 

10 

1.0 


1000 

D14 

1N4732A 

DO-41 

4.7 

5.0 

8 

53 

10 

1.0 


1000 

D14 

1N4733A 

DO-41 

5.1 

5.0 

7 

49 

10 

1.0 


1000 

D14 

1N4734A 

DO-41 

5.6 

5.0 

5 

45 

10 

2.0 


1000 

D14 

1N4735A 

DO-41 

6.2 

5.0 

2 

41 

10 

3.0 


1000 

D14 

1N4736A 

DO-41 

6.8 

5.0 

3.5 

37 

10 

4.0 


1000 

D14 

1N4737A 

DO-41 

7.5 

5.0 

4 

34 

10 

5.0 


1000 

D14 

1N4738A 

DO-41 

8.2 

5.0 

4.5 

34 

10 

6.0 


1000 

D14 

1N4739A 

DO-41 

9.1 

5.0 

5 

8 

10 

7.0 


1000 

D14 

1N4740A 

DO-41 

10 

5.0 

7 

25 

10 

7.6 


1000 

D14 

1N4741A 

DO-41 

11 

5.0 

8 

23 

5 

8.4 


1000 

D14 

1N4742A 

DO-41 

12 

5.0 

9 

21 

5 

9.1 


1000 

D14 


DO-41 

13 

5.0 

10 

19 

5 

9.9 


1000 

D14 

1N4744A 

DO-41 

15 

5.0 

14 

17 

5 

11.4 


1000 

D14 

1N4745A 

DO-41 

16 

5.0 

16 

15.5 

5 

12.2 


1000 

D14 

1N4746A 

DO-41 

18 

o 

id 

o 

CM 


5 

13.7 


1000 

D14 



20 

o 

id 

22 

12.5 

5 

15.2 


1000 

D14 

1N4748A 

DO-41 

22 

o 

id 

23 

11.5 

5 

16.7 


1000 

D14 

1N4749A 

DO-41 

24 

5.0 

25 

10.5 

5 

18.2 


1000 

D14 

1N4750A 

DO-41 

27 

5.0 

35 

9.5 

5 

20.6 


1000 

D14 


DO-41 

30 

5.0 

40 

8.5 

5 

22.8 


1000 

D14 

1N4752A 

DO-41 

33 

5.0 

45 

O 

5 

25.1 


1000 

D14 

1N5226B 

DO-35 

3.3 

5.0 

28 

20 

25 

1.0 

(-0.070) 

500 

D13 

1N5227B 

DO-35 

3.6 

5.0 

24 


15 

1.0 

(-0.065) 

500 

D13 
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Diode Data 


Zener Diodes (Glass Package) (Continued) 

Device 

No. 

Package 

No. 

Vz 

V 

Norn 

Toi. 

±Vz 

% 

U • 

„ mA 

Max 

Vr 

Max 

T.C. 

%rc 

Typ (Max) 

Pd 

mV/ 

Ta = 25X 

Proc. 

No. 

1N5228B 

DO-35 

3.9 

5.0 

23 

20 

10 1.0 

(-0.060) 

500 

D13 

1N5229B 

DO-35 

4.3 

5.0 

22 

20 

5 1.0 

(±0.055) 

500 

D13 

1N5230B 

DO-35 

4.7 

5.0 

19 

20 

5 2.0 


500 

D13 

1N5231B 

DO-35 

5.1 

5.0 

17 


5 2.0 

(±0.030) 

500 

D13 

1N5232B 

DO-35 

5.6 

5.0 

11 

20 

5 3.0 

(±0.038) 

500 


1N5233B 

DO-35 

6.0 

5.0 

7 

20 

5 3.5 

(±0.038) 

500 


1N5234B 

DO-35 

6.2 

5.0 

7 

20 

5 4.0 

(±0.045) 

500 


1N5235B 

DO-35 

6.8 

5.0 

5 

20 

3 5.0 

(±0.050) 

500 


1N5236B 

DO-35 

7.5 

5.0 

6 


3 6.0 

(±0.058) 

500 


1N5237B 

DO-35 

8.2 

5.0 

8 

20 

3 6.5 

(±0.062) 

500 

D13 

1N5238B 

DO-35 

8.7 

5.0 

8 

20 

3 6.5 

(±0.065) 

500 

D13 

1N5239B 

DO-35 

9.1 

5.0 

10 

20 

3 7.0 

(±0.068) 

500 

D13 

1N5240B 

DO-35 

10.0 

5.0 

1.7 

20 

3 8.0 

(±0.075) 

500 

D13 

1N5241B 

DO-35 

11 

5.0 

22 

20 

2 8.4 

(±0.076) 

500 

D13 

1N5242B 

DO-35 

12 

5.0 

30 

20 

1 9.1 

(±0.077) 

500 

D13 

1N5243B 

DO-35 

13 

5.0 

13 

9.5 

0.5 9.9 

(±0.079) 

500 

D13 

1N5244B 

DO-35 

14 

5.0 

15 

9.0 

0.1 11.0 

(±0.082) 

500 

D13 

1N5245B 

DO-35 

15 

5.0 

16 

8.5 

0.1 11.4 

(±0.082) 

500 

D13 

1N5246B 

DO-35 

16 

5.0 

17 

7.8 

0.1 12.0 

(±0.083) 

500 

D13 

1N5247B 

DO-35 

17 

5.0 

19 

7.4 

0.1 13.0 

(±0.084) 

500 

D13 

1N5248B 

DO-35 

18 

5.0 

21 

7.0 

0.1 14.0 

(±0.085) 

500 

D13 

1N5249B 

DO-35 

19 

5.0 

23 

6.6 

0.1 14.0 

(±0.086) 

500 

D13 

1N5250B 

DO-35 

20 

5.0 

25 

6.2 

0.1 15.0 

(±0.086) 

500 

D13 

1N5251B 

DO-35 

22 

5.0 

29 

5.6 

0.1 17.0 

(±0.087) 

500 

D13 

1N5252B 

DO-35 

24 

5.0 

33 

5.2 

0.1 18.0 

(±0.088) 

500 

D13 

1N5253B 

DO-35 

25 

5.0 

5 

5.0 

0.1 19.0 

(±0.089) 

500 

D13 

1N5254B 

DO-35 

27 

5.0 

41 

4.6 

0.1 21.0 

(±0.090) 

500 

D13 

1N5255B 

DO-35 

28 

5.0 

44 

4.5 

0.1 21.0 

(±0.091) 

500 

D13 

1N5256B 

DO-35 

30 

5.0 

49 

4.2 

0.1 23.0 

(±0.091) 

500 

D13 

1N5257B 

DO-35 

33 

5.0 

58 

3.8 

0.1 25.0 

(±0.092) 

500 

D13 

Pair & Quad Assemblies Diodes 

Device 

No. 

Package 

No. 

Vrrm 

V 

Min 

Vr 

nA @ ^ 

Max 

1 

V @ 

Min Max 

C 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

No. 

1N4306 

1N4307 

DO-7 

DO-7 

75 

75 

50 50 

50 50 

0.44 0.55 0.1 

0.56 0.67 1.0 

0.67 0.81 10.0 

0.75 1.00 50.0 

2 

4 

(Note 1) 

D4* 

D4* 

Note 1: Ip = Ir = 10 mA, Rl = lOOa, Recovery to 1 mA. 

*For test circuits, refer to Process Family Characteristics D18. 
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FA Series 

Matched Pair and Quad Assemblies Diodes PACKAGE All Devices DO-7 


MATCHING CHARACTERISTICS Apply over temperature range of -55°C to + 100°C 


Basic Diode 
(See Speci¬ 
fication 
Beiow 

Forward Current 
Matching Range 
(Notes 4 & 6) 

Reverse Current 
Match 

(Aip Maximum) 

(Note 3) 

Forward Voitage 
Match 

(AVp Maximum) 

Assembly Type Number 

i_ 

Pair 

Quad 

FD1389 

10 juiA to 1.0 mA 


3.0 mV 

FA2310U 

FA4310U 

FD1389 

10 /xA to 1.0 mA 


10 mV 

FA2311U 

FA4311U 

FD1389 

1.0 mA to 10 mA 


5.0 mV 

FA2312U 

FA4312U 

FD1389 

1.0 mA to 10 mA 


15 mV 

FA2313U 

FA4313U 

FD2389 

10 jiiA to 1.0 mA 


3.0 mV 

FA2320U 

FA4320U 

FD2389 

10 jaA to 1.0 mA 


10 mV 

FA2321U 

FA4321U 

FD2389 

1.0 mA to 10 mA 


5.0 mV 

FA2322U 

FA4322U 

FD2389 

1.0 mA to 10 mA 


15 mV 

FA2323U 

FA4323U 

FD2389 

10 mA to 100 mA 


10 mV 

FA2324U 

FA4324U 

FD2389 

10 mA to 100 mA 


20 mV 

FA2325U 

FA4325U 

FD3389 

10 juiA to 1.0 mA 

(2.0 + 0.064 Vr) nA 

10 mV 

FA2330U 

FA4330U 

FD3389 

1.0 mA to 10 mA 

(2.0 + 0.064 Vr) nA 

15 mV 

FA2331U 

FA4331U 

FD3389 

10 mA to 100 mA 

(2.0 + 0.064 Vr) nA 

20 mV 

FA2332U 

FA4332U 

FD3389 

10 jixA to 1.0 mA 

(4.0 + 0.128 Vr) nA 

10 mV 

FA2333U 

FA4333U 

FD3389 

1.0 mA to 10 mA 

(4.0 + 0.128 Vr) nA 

15 mV 

FA3334U 

FA4334U 

FD3389 

10 mA to 100 mA 

(4.0 + 0.128 Vr) nA 

20 mV 

FA2335U 

FA4335U 

FD6389 

10 mA to 100 mA 


10 mV 

FA2360U 

FA4360U 

FD6389 

10 mA to 100 mA 


20 mV 

FA2361U 

FA4361U 


BASIC DIODE ELECTRICAL CHARACTERISTICS 25°C Ambient Temperature unless otherwise noted 


1 

Symbol 

Parameter 

Test Conditions 

FD1389 

FD2389 

FD3389 

FD6389 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 





Vrrm 

Breakdown Voltage 

Ir = 5.0 jaA 

100 








V 



Ir = IOOjliA 



200 


150 


75 


V 

1r 

Reverse Current 

Vr = WIV 


100 


100 


1.0 


100 

nA 



Vr = WIV.Ta = 150°C 


100 


100 


3.0 


100 

jaA 

Vf 

Forward Voltage 

Ip = 200 mA 




1.000 


1.000 


1.000 

V 



Ip = 100 mA 




0.925 


0.930 


0.920 

V 



Ip = 50 mA 




0.860 


0.880 


0.880 

V 



Ip = 20 mA 


1.000 


0.790 


0.840 


0.790 

V 



Ip = 10 mA 


0.875 


0.740 


0.810 


0.750 

V 



Ip = 5.0 mA 


0.800 


0.700 


0.770 


0.710 

V 



Ip = 2.0 mA 


0.725 


0.620 


0.730 


0.670 

V 



Ip = 1.0 mA 


0.670 


0.610 


0.710 


0.630 

V 

C 

Capacitance (Note 5) 

Vr = 0, f = 1 MHz 


2.0 


5.0 


6.0 


3.0 

PF 

trr 

Reverse Recovery Time 

Ip = Ir = 10 mA 
Recover to 1.0 mA 


4.0 







ns 



Ip = Ir = 30 mA 
Recover to 1.0 mA 




50 





ns 



Ip = Ir = 200 mA 
Recover to 20 mA 








4.0 

ns 


Note 1: These are Limiting values above which life or satisfactory performance may be impaired. 

Note 2: These are steady state Limits. The factory should be consulted on applications involving pulsed or low duty-cycle operation. 

Note 3: The Reverse Current Match (Alp) is the difference in reverse current between the diode having the highest Ip and that having the lowest Ip in a given 
assembly. The reverse voltage (Vp) in the Alp calculation can be any value up to 125V. For example, the maximum Alp for an FA2330U at Vp of lO V is (2.0 -I- 
0.064 X 10) nA or 2.64 nA. 

Note 4: The Forward Current Matching Ranges between 10 ju,A and 10 mA may be applied either as a dc current or a pulse current. Above 10 mA, however, the 
matching characteristics are guaranteed only for low duty cycle (^1%) pulse current. Conditions of test are shown in the characteristic curve and test circuit 
section of this book. 

Note 5: For product family characteristics curves for the basic diodes used in the assemblies, refer to the following: 

FD1389 D4, FD2389 D1, FD3389 D2 and FD6389 D4. 
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Diode Data 







Section 3 

Bipolar NPN Transistors 
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National 

Semiconductor 


Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CES* 

ICBO @ VcB 
(nA) (V) 
Max 

hpE @ Ic J,VCE 
Min Max (mA) (V) 

2N2369 


D 


B 

400 20 


2N2369A 

also Avail. 

JAN/TX/V 

Versions 


■ 


■ 

400* 20 

20 120 100 1 

30 120 30 0.4 

40 120 10 1 

40 120 10 0.35 

2N3011 



■ 

■ 

400* 20 

12 100 1 

25 30 0.4 

30 120 10 0.35 

2N3605 

TO-92 

(94) 

■ 

B 

B 

mm 

30 10 1 

2N3606 

m^m 


B 

B 

mm 

30 10 1 

2N3607 


■ 

B 

B 

n 

30 10 1 

2N4274 


Same as PN4274 

2N4275 


Same as PN4275 

2N4294 

TO-92 

(94) 

30 

12 

4.5 

400 20 

20 100 2 

30 120 10 1 

2N4295 

TO-92 

(94) 

40 

15 

5 

100 20 

20 100 2 

40 120 10 1 

2N5030 

TO-92 

(94) 

30 

12 

4 

250 20 

30 10 1 

2N5134 


Same as PN5134 


CO 


Saturated Switches 


VcE(SAT) 
(V) & 

Max 

VbE(SAT) 

(V) 

Min Max 

■c 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

‘(off) 

(ns) 

Max 

Test 

Conditions 

Process 

No. 

0.25 

0.7 

0.85 

10 

4 

500 

10 



21 


m 

0.85 

10 

4 

500 

10 



21 

0.25 


1.5 

30 







0.6 


1.6 

100 







0.2 

0.72 

0.85 

10 

D 

400 

20 



21 

0.25 


1.5 

30 







0.5 


1.6 

100 

■ 






0.25 


0.85 

10 

6 





21 

0.25 


0.85 

10 

6 

300 

10 



21 

0.25 


0.85 

10 

6 

300 




21 


21 


21 

0.25 

0.6 

0.9 

10 

5 

400 

10 

20 

(Note 1) 

21 

0.25 

0.6 

0.9 

10 

4 

500 

10 

15 

(Note 1) 

21 

0.25 

0.72 

0.87 

10 

4 

400 

10 

30 

(Note 9) 

21 


21 
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PN4274 


NPN Transistors 





























Saturated Switches (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

■CES* 

Icbo@Vcb 
( nA) (V) 
Max 

hpE @ 'c ^VCE 
Min Max (mA) (V) 

■c 

VCE(SAT) Vbe(SAT) . .. 

(V) & (V) @ 

Max Min Max = 

Cob 

(PF) 

Max 

Min Max 

‘(oft) 

(ns) 

Max 

Test 

Conditions 

Process 

No. 

PN4275 

TO-92 

(92) 

40* 

15 

4.5 

500 20 

18 100 1 

30 30 0.4 

35 120 10 1 

0.2 0.72 0.85 10 

0.25 1.15 30 

0.5 1.6 100 

4 

400 10 

12 

(Note 12) 

21 

PN5134 

TO-92 

(92) 

20* 

10 

3.5 

100 15 

15 30 0.4 

20 150 10 1 

0.25 0.7 0.9 10 

4 

250 10 

18 

(Note 12) 

21 

2N3009 

TO-52 

40 

15 

4 

500* 20 

15 300 1 

25 100 0.5 

30 120 30 0.4 

0.18 0.75 0.95 30 

0.28 1.2 100 

0.5 1.7 300 

5 

350 30 

25 

(Note 3) 

22 

2N3013 

TO-52 

40 

15 

5 

300* 20 

15 300 1 

25 100 0.5 

30 120 30 0.4 

0.18 0.75 0.95 30 

0.28 1.2 100 

0.5 1.7 300 

5 

350 30 

25 

(Note 3) 

22 

2N3014 

TO-18 

40 

20 

5 

300* 20 

30 120 30 0.4 

25 10 0.4 

25 100 1.0 

0.18 0.8 10 

0.18 0.95 30 

0.35 1.2 100 

5 

350 30 

25 

(Note 4) 

22 

2N3646 


Same as PN3646 

22 

MPS3646 


Same as PN3646 

22 

PN3646 

TO-92 

(92) 

40* 

15 

5 

500* 20 

15 300 1 

20 100 0.5 

30 120 30 0.4 

0.2 0.75 0.95 30 

0.28 1.2 100 

0.5 1.7 300 

5 

350 30 

28 

(Note 3) 

22 

2N3252 

TO-39 

60 

30 

5 

500 40 

25 1A 5 

30 90 500 1 

30 150 1 

0.3 1.0 150 

0.5 0.7 1.3 500 

1.0 1.8 1A 

12 

200 50 

70 

(Note 7) 

25 

2N3253 

TO-39 

75 

40 

5 

500 60 

20 750 5 

25 75 375 1 

25 150 1 

0.35 1.0 150 

0.6 0.7 1.3 500 

1.2 1.8 1A 

12 

175 50 

70 

(Note 7) 

25 
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NPN Transistors 


^ ^SSSliductor 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 


m 

'“O VCB 
(nA)@ “ 

Max ' ' 

hpE @ 'C 4 VcE 

Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

Max Min Max 

Cob 

(PF) 

Max 

't Ic 

Min Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N929 

TO-18 

45 

45 

■ 

10 45 

350 10 5 

60 500 jliA 5 

40 120 IOjulA 5 

1.0 0.6 1.0 10 

8 

30 0.5 

4 

(Note 1) 

07 

2N929A 

TO-18 

60 

45 

1 

2 45 

350 10 5 

60 500 jutA 5 

40 120 IOjulA 5 

25 1 jutA 5 

0.5 0.7 0.9 10 

6 

45 0.5 

4 


07 

2N930 

Avail. JAN/TX/V 
Versions 

TO-18 

45 




600 10 5 

150 500 fxA 5 

100 300 IOjulA 5 

1.0 0.6 1.0 10 

8 

30 0.5 

3 

(Note 1) 

07 

2N2484 

TO-18 

60 




250 1 5 

200 500 julA 5 

175 IOOjulA 5 

100 500 IOjulA 5 

30 1 jllA 5 

0.35 1 

10 

15 0.05 

3 

(Note 1) 

07 

2N3117 

TO-18 

60 




400 1 5 

300 IOOjulA 5 

250 10 jxA 5 

100 1 julA 5 

0.35 1 

4.5 

60 0.5 

1.5 

(Note 2) 

07 

2N3246 

TO-18 

60 




800 10 5 

400 1 5 

350 500 julA 5 

300 IOOjulA 5 

200 IOjulA 5 

150 1 julA 5 

0.5 0.7 0.9 5 

5 

60 180 1 

2 

(Note 1) 

07 

2N3565 


Same as PN3565 

11 

2N3707 

TO-92 

(94) 

30 

30 

6 

100 20 

100 400 IOOjulA 5 

1.0 10 



5 

(Note 1) 

11 

2N3708 

TO-92 

(94) 

30 

30 

6 

100 20 

45 660 1 5 

1.0 10 





11 

___^_I 



Low Level Amplifiers (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

ICBO Y 

(nA) @ , 5 ? 

Max ' ^ 

"fE @ 'c & ''CE 

Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (Y) @ , 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

(MHz) @ ^ 

Min Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N3709 

TO-92 

(94) 

30 

30 


100 20 

45 165 1 5 

1.0 10 





11 

2N3710 

TO-92 

(94) 

30 

30 

6 

100 20 

90 330 1 5 

1.0 10 





11 

2N3711 

TO-92 

(94) 

30 

30 

6 

100 20 

180 660 1 5 

1.0 10 





11 

2N3858A 

TO-92 

(94) 

60 

60 

6 

500 18 

60 120 10 1 

45 1 1 


4 

90 250 2 



11 

2N3859A 

TO-92 

(94) 

60 

60 

6 

500 18 

100 200 10 1 

75 1 1 


4 

90 250 2 



11 

2N3877 

TO-92 

(94) 

70 

70 

4 

500 70 

20 250 2 4.5 

0.5 0.9 10 





11 

2N3877A 

TO-92 

(94) 

85 

85 

4 

500 70 

20 250 2 4.5 

0.5 0.9 10 





11 

2N3900A 

TO-92 

(94) 

18 

18 

5 

100 18 

250 500 2 4.5 


12 


5 

(Note 4) 

11 

2N3901 

TO-92 

(94) 

18 

18 

5 

100 15 

350 700 2 4.5 




5 

(Note 4) 

11 

2N4286 

TO-92 

(94) 

30 

25 

6 

50 25 

150 600 1 5 

100 lOOjutA 5 

0.35 0.8 1 

6 

40 1 



11 

2N4287 

TO-92 

(94) 

45 

45 

7 

10 30 

150 600 1 5 

100 IOOjulA 5 

0.35 0.8 1 

6 

40 1 

5 

(Note 1) 

11 

2N4409 

TO-92 

(92) 

80 

50 

5 

10 60 

60 400 10 1 

60 1 1 

0.2 0.8 1 

12 

60 300 10 



11 

2N4410 

TO-92 

(92) 

120 

80 

5 

10 100 

60 400 10 1 

60 1 1 

0.2 0.8 1 

12 

60 300 10 



11 

2N4966 

TO-92 

(92) 

50 

40 

6 

25 25 

40 200 0.01 5 

50 10 5 

0.4 10 

6 

40 1 



11 

2N4967 

TO-92 

(92) 

50 

40 

6 

25 25 

100 600 0.01 5 

120 10 5 

0.4 10 

6 

40 1 



11 

2N4968 

TO-92 

(92) 

30 

25 

6 

50 25 

40 200 0.01 5 

50 10 5 

0.4 10 

6 




11 
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NPN Transistors 


Low Level Amplifiers (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

Vebo 

(V) 

Min 

“0 VcB 

("A) ® ,Sf 

Max ' ' 

'’re @ 'c 4 VCE 

Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) I 

r * M- ‘''L. ® (-"A) 
Max Min Max 

Cob 

(PF) 

Max 

*T 1 

®(mA) 

Mm Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N5088 

TO-92 

(92) 

35 

30 


50 20 

300 10 5 

350 1 5 

300 900 lOOjuiA 5 

0.5 10 

4 


3 

(Note 3) 

11 

2N5089 

TO-92 

(92) 

30 

25 


50 15 

400 10 5 

450 1 5 

400 1200 lOO/xA 5 

0.5 10 

4 


2 

(Note 3) 

11 

2N5133 


Same as PN5133 

11 

2N5209 

TO-92 

(92) 

50 

50 


50 35 

150 10 5 

150 1 5 

100 300 100 juA 5 

0.7 10 

4 

30 0.5 

4 

(Note 5) 

11 

2N5210 

TO-92 

(92) 

50 

50 


50 35 

250 10 5 

250 1 5 

200 600 lOOjuiA 5 

0.7 10 

4 

30 0.5 

3 

(Note 4) 

11 

2N5232 

TO-92 

(94) 


50 


30 50 

250 500 2 5 

0.125 10 

4 




11 

2N5961 

TO-92 

(92) 

60 

60 

8 

2 45 

100 0.01 5 

120 0.1 5 

135 1 5 

150 700 10 5 

0.2 10 

4 

100 10 

6 

3 

3 

(Notes 7 & 11) 

(Note 10) 
(Note 12) 

11 

2N5962 

TO-92 

(92) 



8 

2 30 

450 0.01 5 

500 0.1 5 

550 1 5 

600 1400 10 5 

0.2 10 

4 

100 10 

6 

4 

8 

3 

3 

(Note 7) 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 12) 

11 

2N5232A 

TO-92 

(94) 



■ 



0.125 10 

4 




11 

MPS3707 




■ 


100 400 lOOjuA 5 

1.0 10 





11 

MPS3708 




■ 


45 660 1 5 

1.0 10 



■ 


11 

MPS3709 




■ 


45 165 1 5 

1.0 10 



■ 


11 

MPS3710 




■ 


90 330 1 5 

1.0 10 





11 
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Low Level Amplifiers (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

'CBO V 

("A) @ “ 
Max ' ' 

hpE @ 'C . Vce 

Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

(V) & (V) @ 

Max Min Max ' ^ 

Cob 

(pF) 

Max 

^ Ic 

(MHz) @, 9 ,, 
Min Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPS3711 

TO-92 

(92) 


30 


100 20 

180 660 1 5 

1.0 10 





11 

MPS6571 


25 


3 

50 20 

250 1000 lOOjutA 5 

0.5 10 

4.5 

50 0.5 



11 

MPSA09 


50 


■ 


100 600 lOOjitA 5 

0.9 10 

5 

600 0.5 



11 

MPSA18 

TO-92 

(92) 



6.5 

50 30 

400 0.01 5 

500 0.1 5 

500 1 5 

500 1500 10 5 

0.3 50 


100 1 

1.5 


11 

PE4020 

TO-92 

(92) 

60 

60 

8 

2 45 

150 950 10 5 

135 1 5 

120 0.1 5 

100 0.01 5 

0.3 50 

4 

100 800 10 

6 

3 

3 

(Note 9) 
(Note 7) 

(Note 10) 

11 

PN930 



45 


10 45 

600 10 5 

150 500 juA 5 

100 300 lOjuiA 5 

1.0 0.6 1.0 10 

8 

30 0.5 

3 


11 

PN2484 

TO-92 

(92) 

60 

60 

6 

10 45 

600 10 5 

250 1 5 

200 500 jaA 5 

175 100 jaA 5 

100 500 IOjliA 5 

30 1 jiiA 5 

0.35 10 

6 


3 

1 

11 

PN3565 

TO-92 

(92) 

30 

25 

6 

50 25 

150 600 1 10 

0.35 1 

4 

40 240 1 



11 

PN5133 

TO-92 

(92) 

20 

18 

3 

50 15 

60 1000 1 5 

0.4 1 

5 

40 240 1 



11 


TEST CONDITIONS: 

Note 1: Ic = 10 jaA, Vqe = 5V, f = 10 Hz - 15.7 kHz. 

Note 2: Ic = 10 jaA, Vqe = 5V, f = 1 kHz. 

Note 3: Ic = 5 juA, Vce = 5V, f = 1 kHz. 

Note 4: Ic = 100 juA. Vce = 5V, f = 10 Hz - 15.7 kHz. 


Note 5: Ic = 10 fiA, Vce = 5V, f = 10 kHz. 

Note 6: Ic = 100 jxA, Vce = 5V, f = 5 kHz. 

Note 7: Ic = 100 juA, Vce = 5V, f = 1 kHz. Rs = 1 kft. 

Note 8: Ic = 100 jliA, Vce = 5V, f = 1 kHz, Rs = 10 kft. 


Note 9: Ic = 100 ^A, Vce = 5V, f = 1 kHz, Rs = 100 kft. 

Note 10: Ic = 10 juA, Vce = 5V, f = 1 kHz, Rs = 10 kn. 

Note 11: Ic/Ib = 20. 

Note 12: Ic = 10 /lA. Vce = 5V, f = 10 Hz - 10 kHz, Rs = 10 kn. 
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NPN Transistors 



SenSS^UCtor RF Amplifiers and Oscillators 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

'“0 VCB 
("A) @ “ 
Max ' ' 

hpE @ Ic 4 VCE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) @ c 

Max Min Max ' ' 

Cob/Cro 

(PF) 

Min Max 

® (m% 
Min Max ' ' 

NF ^ 

(dB) @ 

' (MHz) 
Max ' ' 

Process 

No. 

2N2857 

TO-72 

30 

15 

2.5 

10 15 

30 150 3 1 


1 

1000 1900 5 

4.5 450 

40 

2N3478 

TO-72 

30 

15 

2 

20 1 

25 150 2 8 


1 

750 1600 5 

4.5 200 

40 

2N3600 

TO-72 

30 

15 

3 

10 15 

20 150 3 1 


1 

850 1500 5 

4.5 200 

40 

2N3932 

TO-72 

30 

20 

2.5 

10 15 

40 150 2 8 


0.55 

750 1600 2 

4.5 200 

40 

2N3933 

TO-72 

40 

30 

2.5 

10 15 

60 200 2 8 


0.55 

750 1600 2 

4 200 

40 

2N4259 

TO-72 

40 

30 

2.5 

10 15 

60 250 2 8 


0.55 

750 1600 2 

5 450 

40 

2N5179 

TO-72 

20 

12 

2.5 

20 15 

25 250 3 1 

0.4 1.0 10 

1 

900 2000 5 

4.5 200 

40 

2N5180 

TO-72 

30 

15 

2 

500 8 

20 200 2 8 


1 

650 1700 2 


40 

MRF501 

TO-72 

25 

15 

3.5 

50 1 

30 250 1 6 



600 5 


40 

MRF502 

TO-72 

35 

15 


20 1 

40 170 1 6 



800 5 


40 

PN5179 


20 

15 

H 

2 15 


0.4 1.0 10 

1.0 


B 

40 

MPS6539 


20 

mm 

3 

50 15 



0.7 

500 4 

B 

42 

MPS6548 

TO-92 

(91) 

30 

■ 

3 

100 25 


0.5 0.95 4 

0.7 

650 4 


42 

MPSH10 

TO-92 

(91) 

30 


3 

100 25 

60 4 10 

0.5 4 


650 4 


42 


TO-72 

30 

15 

3 

1 15 

20 3 1 

0.5 0.87 3 

3 

500 4 

6 60 

43 


TO-72 

30 

15 

3 

10 15 

20 3 1 

0.4 1.0 10 

3 

600 4 

6 60 

43 

2N3563 


Same as PN3563 

43 

2N3564 


SameasPN3564 

43 

2N3662 

TO-92 

(94) 

18 

12 

3 

500 15 

20 8 10 


0.8 1.7 

700 2100 5 

6.5 60 

43 











































3-13 


RF Amplifiers and Oscillators (Continued) 


Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

'CBO y 

Max ' ' 

’’•'E @ 'C & ''CE 

Min Max (mA) (V) | 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @.J;. 

Max Min Max ^ 

Cob/Cfo 

(PF) 

Min Max 

‘t Ij. 

(MHz) @ J 
Min Max ^ 

NF 

(dB) @ 

„ (MHz) 

Max 

Process 

No. 

2N3663 

TO-92 

(94) 

30 

12 

3 

500 15 

20 8 10 


0.8 1.7 

700 2100 5 

6.5 60 

43 

2N3825 

TO-92 

(94) 

30 

15 

4 

100 15 

20 2 10 

0.25 2 

3.5 

200 800 2 

5.5 1 

43 

2N4292 

TO-92 

(94) 

30 

15 

3 

500 15 

20 3 1 

0.6 10 

3.5 

600 4 

6 60 

43 

2N4293 

TO-92 

(94) 

30 

15 

3 

500 15 

20 3 1 

0.6 10 

3.5 

600 4 

6 60 

43 

2N5130 


Same as PN5130 

43 

2N5770 

TO-92 

(92) 

30 

15 

4.5 

10 15 

50 200 8 10 

20 3 1 

0.4 1.0 10 

0.7 1.1 

900 1800 8 

6 60 

43 

MPS918 

TO-92 

(92) 

30 

12 

3 

10 15 

20 3 1 

0.4 1.0 10 

3 

600 4 

6 60 

43 

MPS3563 


Same as PN3563 

43 

MPS6507 

TO-92 

(92) 

30* 

20 


5 15 

25 2 10 


2.5 

700 10 


43 

MPS6511 

TO-92 

(92) 

30* 

20 


50 15 

25 10 10 


2.5 



43 

MPS6541 

TO-92 

(92) 

30* 

20 

4 

50 15 

25 4 10 


1.7 

600 1500 4 


43 

MPS5770 

TO-92 

(92) 

30 

15 

4.5 

10 15 

50 200 8 1 

80 3 1 

0.4 1.0 10 


800 1800 8 


43 

PN918 

TO-92 

(92) 

30 

15 

3 

10 15 

20 3 1 

0.4 1.0 10 

1.7 

600 4 

6 60 

43 

PN3563 

TO-92 

(92) 

30 

15 

2 

50 15 

20 200 8 10 


1.7 

600 1500 8 


43 

PN3564 

TO-92 

(92) 

30 

15 

4 

50 15 

20 500 15 10 

0.3 0.97 20 

3.5 

400 1200 15 


43 


sjoisjsueji NdN 
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NPN Transistors 


RF Amplifiers and Oscillators (Continued) 


Type 

No. 

Case 

Style 

VcES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CBO 
(nA) @ 
Max 

VcB 

(V) 

hpE 

Min Max 

@ & 
(mA) 

VCE 

(V) 

VcE(SAT) 
(V) & 
Max 

VbE(SAT) 

(V) 

Min Max 

•c 

(mA) 

Cob/Cro 

(PF) 

Min Max 

h 

(MHz) @ 
Min Max 

(mA) 

NF 

(dB) 

Max 

(MHz) 

Process 

No. 

PN5130 

TO-92 

(92) 

30 

12 

1 

50 

10 

15 

250 

8 

10 

0.6 

1.0 

10 

1.7 

450 


8 


43 

2N4134 

TO-72 

30 

30 

3 

50 

10 

25 

200 

4 

5 


0.5 

350 

800 

4 

2.5 

60 

44 

2N4135 

TO-72 

30 

30 

3 

50 

10 

25 

200 

4 

5 


0.5 

425 

800 

4 

5 

450 

44 

MPS6568A 

TO-92 

20 

20 

3 

50 

10 

20 

200 

4 

5 

0.3 

0.96 

10 

0.65 

375 

800 

4 

3.3 

200 

44 

MPS6569 

TO-92 

20 

20 

3 

50 

10 

20 

200 

4 

5 

3 

0.96 

10 

0.25 

0.5 

300 

800 

4 

6 

45 

44 

MPS6570 

TO-92 

20 

20 

3 

50 

10 

20 

200 

4 

5 

3 

0.96 

10 

0.25 

0.5 

300 

800 

4 

6 

45 

44 

MPSH30 

TO-92 

20 

20 

3 

50 

10 

20 

200 

4 

5 

0.3 

0.96 

10 

0.65 

300 

800 

4 

6 

45 

44 

MPSH31 

TO-92 

20 

20 

3 

50 

10 

20 

200 

4 

5 

0.3 

0.96 

10 

0.65 

300 

800 

4 

6 

45 

44 

SE5020 

TO-72 

20 

20 

3 

50 

10 

20 

200 

4 

5 

3.0 

0.96 

10 

0.25 

0.5 

375 

800 

4 

3.3 

200 

44 

SE5021 

TO-72 


BI 

3 

50 

BI 

20 

200 

4 

5 

3.0 

0.96 

10 



375 

800 

4 

4 

200 

44 

SE5022 

TO-72 

Bi 

El 

3 

50 

10 

20 

200 

4 

5 

3.0 

0.96 

10 


m 

300 


D 


44 

SE5023 

TO-72 

mm 

mm 

3 

50 

10 

20 

200 

4 

5 

3.0 

0.96 

10 


m 

300 

800 

4 

6 

45 

44 

SE5024 

TO-72 

BI 

BI 

3 

50 

10 

20 

200 

4 

5 

3.0 

0.96 

10 


ra 

300 

800 

4 

6 

45 

44 

SE5050 

TO-72 

BI 

IB 

3 

50 

10 

20 

200 

4 

5 

3.0 

0.96 

10 


m 



4 

D 


44 

SE5051 

TO-72 

BI 

BI 

3 

50 

10 

20 

200 

4 

5 

3.0 

0.96 



m 


1^1 

II 


44 

SE5052 

TO-72 

BI 

BI 

3 

50 

10 


3.0 


10 




MM 

4 

200 

44 

MPS6542 

TO-92 

(96) 

30* 

20 


50 

15 

25 


2 

10 


1.5 


■ 



47 

MPS6543 

TO-92 

(96) 

35 

20 

3 

100 

25 

25 


4 

10 

0.35 

0.05 

10 

1 

750 


4 


47 

MPS6546 

TO-92 

(96) 

35 

25 

3 

100 

25 

20 


2 

10 

0.35 


10 

0.45 

600 


2 


47 

MPS6547 

TO-92 

(96) 

35 

25 

3 

100 

25 

20 


2 

5 

0.35 


10 

0.35 

600 


2 


47 

MPSH11 

TO-92 

(96) 

30 

25 

3 

100 

25 

60 


4 

10 

0.5 


4 



650 

4 



47 
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RF Amplifiers and Oscillators (Continued) 


Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

VCB 

("A) ® ^ 

Max ' ^ 

"re @ 'c 4 VcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

(V) & (V) @ c 

Max Min Max ' ^ 

Cob/Cro 

(PF) 

Min Max 

*T Ic 

M® (-A) 
Min Max 

NF 

Max 

Process 

No. 

MPSH19 

TO-92 

(96) 

30 

25 

3 

100 15 

45 4 10 


0.65 

300 4 


47 

MPSH24 

TO-92 

(96) 

40 

30 

4 

50 15 

30 8 10 


0.36 

400 8 


47 

MPSH34 

TO-92 

(96) 

45 

45 

4 

50 30 

15 20 2 

40 7 15 

0.5 20 

0.32 

500 15 


47 

TIS86 

TO-92 

(96) 

30 

30 


100 15 

40 200 4 10 

0.5 15 

0.45 

500 4 

5 200 

47 

TIS87 

TO-92 

(96) 

45 

45 


100 15 

30 150 12 12 

0.5 15 

0.45 

500 12 


47 

MPS6540 

TO-92 

(96) 

30 

30 

4 

100 25 

25 2 10 

0.5 10 

0.65 

350 2 


49 

MPS6544 

TO-92 

(96) 

60 

45 

4 

500 35 

20 30 10 

0.5 30 

0.65 



49 

MPS6567 

TO-92 

(96) 


40 

5 

500 35 

25 10 5 

0.5 10 

0.7 



49 

MPSH20 

TO-92 

(96) 

40 

30 

4 

50 15 

25 4 10 

0.95 10 

0.65 

400 4 


49 

MPSH37 

TO-92 

(96) 


40 

5 

500 35 

25 5 10 

0.5 10 

0.7 

300 5 


49 


sjo)SjsueJi NdN 
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National 

Semiconductor 


General Purpose Amplifiers and Switches 


NPN Transistors 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

ICBO 
(nA) @ 
Min 

VcB 

(V) 

•’FE @ 
Min Max 

(mA) 

<V) 

VcE(SAT) 
(V) & 

Max 

VbE(SAT) 
(V) @ 

Min Max 

ic 

(mA) 

Cob 

(PF) 

Max 

Ic 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N2712 

TO-92 

(94) 

18 

18 

5 

500 

18 

75 

225 

2 

4.5 


12 

90 300 2 




10 

2N2714 

TO-92 

(94) 

18 

18 

5 

500 

18 

75 

225 

2 

4.5 

0.3 

0.6 1.2 

50 






10 

2N2923 

TO-92 

(94) 

25 

25 

5 

100 

25 

90 

180 2 
(1 kHz) 

10 


10 





10 

2N2924 

TO-92 

(94) 

25 

25 

5 

100 

25 

150 

300 2 

(1 kHz) 

10 


10 





10 

2N2925 

TO-92 

(94) 

25 

25 

5 

100 

25 

235 

470 2 

(1 kHz) 

10 


10 





10 

2N2926 

TO-92 

(94) 

18 

18 

5 

500 

18 

35 

470 2 

(1 kHz) 

10 


10 





10 

2N3390 

TO-92 

(94) 

25 

25 

5 

100 

18 

400 

800 

2 

4.5 


10 





10 

2N3391 

TO-92 

(94) 

25 

25 

5 


a 

250 

500 

2 

4.5 




■ 



10 

2N3392 

TO-92 

(94) 

25 

25 

5 


a 




4.5 







10 

2N3393 

TO-92 

(94) 

25 

25 

5 

100 

18 

90 

180 

2 

4.5 







10 

2N3394 

TO-92 

(94) 

25 

25 

5 

100 

18 

55 

110 

2 

4.5 


10 





10 

2N3395 

TO-92 

(94) 

25 

25 




150 

500 

2 

4.5 


10 





10 









General Purpose Amplifiers and Switches (Continued) 

rype Case ''“O ''=®0 Vcb hcc Ic Vce ''“(SAT) Vbe(sat) , Cob »T 

I (V) (V) (V) (fiA) @ I @ CE I (V) & (V) @ I (pF) I (MH: 

Min Min Min Min 


No. Styie 


2N3396 


Cob 



toff 

NF 

(pF) 

(MHz) @ 

*c 

(mA) 

(ns) 

(dB) 

Max 

Min Max 

Max 

Max 


Test Process 
Conditions No. 
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NPN Transistors 


General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

'CBO w 

(nA)®,Sf 

Min ' ^ 

hpE @lc jVcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

(V) & (V) @ ^ 

Max Min Max ' * 

Cob 

(PF) 

Max 

Mm Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N4970 

TO-92 

(92) 

50 

30 

5 


100 350 150 10 

70 10 10 

50 150 1 

0.4 0.6 1.2 150 

8 

200 20 




10 

2N5127 


Same as PN5127 

10 

2N5128 


Same as PN5128 

10 

2N5129 


SameasPN5129 

10 

2N5131 


Same as PN5131 

10 

2N5132 


SameasPN5132 

10 

2N5135 


SameasPN5135 

10 

2N5136 


SameasPN5136 

10 

2N5137 


Same as PN5137 

10 

2N5172 

TO-92 

(94) 

25 

25 

5 

100 25 

100 500 10 10 

0.25 10 

10 





10 


TO-92 

(94) 

20 

15 

3 

100 10 

35 500 2 10 

0.4 1.0 10 

4 

150 10 




m 

2N5223 

TO-92 

(92) 

25 

20 

3 

100 10 

50 500 2 10 

0.7 1.2 10 

4 

150 10 




m 

MPQ100 

TO-116 

(39) 

75 

45 

6 

50 60 

80 0.1 1 

100 450 10 1 

100 100 1 

100 350 150 1 

0.2 0.85 10 

0.4 1.0 200 

4.5 


1 

1 


10 

MPQ2222 

TO-116 

(39) 

60 

40 

5 

50 50 

75 10 10 

100 150 10 

30 300 10 

0.4 1.3 150 

1.6 2.6 300 

8 


■ 

■ 


10 

MPS2923 

TO-92 

(92) 

25 

25 

5 

500 25 

90 180 2 10 


12 





10 

MPS2924 

TO-92 

(92) 

25 

25 

5 

500 25 

150 300 2 10 







10 

MPS2925 


25 

25 

5 

500 25 

235 470 2 10 




■ 

■ 


10 
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General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

VCB 
(lA) @ “ 

Min ' ' 

hpE @ Ic J,VCE 
Min Max (mA) (V) 

VCE{SAT) Vbe(SAT) , 

(V) & (V) @ 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

‘t I 

(MHz) @.*1, 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPS2926 

TO-92 

(92) 

25 

25 

5 

500 18 

35 470 2 10 

(1 kHz) (5 Groups) 


12 





10 

MPS3392 

TO-92 

(92) 

25 

25 

5 

100 18 

150 300 2 4.5 


10 





10 

MPS3393 



25 


100 18 

90 180 2 4.5 


10 






MPS3394 

TO-92 

(92) 


25 


100 18 

55 110 2 4.5 


10 





10 

MPS3395 

TO-92 

(92) 


25 


100 18 

150 500 2 4.5 


10 





10 

MPS3396 

TO-92 

(92) 


25 


100 18 

90 500 2 4.5 


10 





10 

MPS3397 

TO-92 

(92) 


25 


100 18 

55 500 2 4.5 


10 





10 

MPS3398 

TO-92 

(92) 


25 


100 18 

55 800 2 4.5 


10 





10 

MPS3693 

TO-92 

(92) 

45 

45 

4 

50 35 

40 160 10 10 


10 

200 10 


4 

(Note 9) 

10 

MPS3694 

TO-92 

(92) 

45 

45 

4 

50 35 

100 400 10 10 


10 

200 10 


4 

(Note 9) 

10 

MPS3903 

TO-92 

(92) 

60 

40 

6 


20 0.1 1 

35 1 1 

50 150 10 1 

30 50 1 

15 100 1 

0.2 0.65 0.85 10 

0.3 1.0 50 

4 

200 10 


5 

(Note 8) 

10 

MPS3904 

TO-92 

(92) 

60 

40 

6 


40 0.1 

70 1 1 

100 300 10 1 

60 50 1 

10 100 1 

0.2 0.65 0.85 10 

0.3 1.0 50 

4 

200 10 


5 

(Note 8) 

10 

MPS5172 

TO-92 

(92) 

25 

25 

5 

100 25 

100 500 10 10 

0.25 10 

10 





10 


sjo}SjSuejjL NdN 


CO 




3-20 


NPN Transistors 


General Purpose Amplifiers and Switches (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

'“0 VCB 
(nA)@ “ 

Min ' ' 

hpE a Ic 4 VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) I 

(V) & (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

't I 

(MHz) @ ® 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPS6520 

TO-92 

(92) 


25 

4 

50 30 

200 400 2 10 

100 IOOjulA 10 

0.5 50 

4 



3 

(Note 10) 

10 

MPS6521 

TO-92 

(92) 


25 

4 

50 30 

200 600 2 10 
150 100 ^A 10 

0.5 50 

4 



3 

(Note 10) 

10 

MPS6566 

TO-92 

(92) 

60 

45 

4 

100 30 

100 400 2 10 

0.4 10 

4 

200 10 




10 

MPS6573 

TO-92 

(92) 


35 


100 35 

100 100 juA 5 

200 500 10 5 

0.5 10 

12 

100 300 10 




10 

MPS6574 

TO-92 

(92) 


35 


100 35 

100 300 1 5 

(4 Groups) 

0.5 10 

12 

100 300 10 




10 

MPS6575 

TO-92 

(92) 


45 


100 45 

100 lOOjLtA 5 

200 500 10 5 

0.5 10 

12 

100 300 10 




10 

MPS6576 

TO-92 

(92) 


45 


100 45 

100 300 1 5 

(4 Groups) 

0.5 10 

12 

100 300 10 




10 

MPS8098 

TO-92 

(92) 

60 

60 

6 

100 60 

100 300 1 5 

100 10 5 

75 100 5 

0.3 100 


150 10 

■ 

■ 


■ 

MPS8099 

TO-92 

(92) 

80 

80 

6 

100 60 

100 300 1 5 

100 10 5 

75 100 5 

0.3 100 


150 10 

■ 

■ 


■ 

MPSA10 

TO-92 

(92) 


40 

4 

100 30 



4 

50 5 




10 

MPSA20 

TO-92 

(92) 


40 

4 

100 30 



4 

125 5 




10 

PN100 

TO-92 

(92) 

75 

45 


50 60 

80 0.1 1 

100 450 10 1 

100 100 1 

100 350 150 5 

0.2 0.85 10 

0.4 1.0 200 

4.5 

250 20 

1 

1 

(Note 12) 

10 

PN100A 

TO-92 

(92) 

75 

45 


50 60 

300 600 10 1 

100 100 1 

220 0.1 5 

0.2 0.85 

0.4 1.0 

4.5 

250 20 

■ 

■ 

(Note 12) 

to 
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General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

ICBO 
(nA) @ 
Min 

VcB 

(V) 

hpE 

Min Max 

@ & 
(mA)“ 

VCE 

(V) 

VcE(SAT) 
(V) & 

Max 

VbE(SAT) 
(V) @ 

Min Max 

•c 

(mA) 

Cob 

(PF) 

Max 

Ic 

(MHz) @ J; 
Min Max 

^off 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

PN101 

TO-92 


65 

6 

50 









4 

150 

20 




10 


(92) 




















PN2221 

TO-92 

60 

30 

5 

10 

50 

20 


500 

10 

0.4 

1.3 

150 

8 

250 

20 

285 


(Note 2) 

10 


(92) 






20 


150 

1 


















40 

120 

150 

10 

16 

2.6 

500 















35 


10 

10 


















25 


1 

10 


















20 


100 juiA 

10 











PN2221A 

TO-92 

75 

40 

6 

10 

60 

25 


500 

10 

0.3 

0.6 1.2 

150 

8 

250 

20 

285 


(Note 2) 

10 


(92) 






20 


150 

1 


















40 

120 

150 

10 

1.0 

2.0 

500 















35 


10 

10 


















25 


1 

10 


















20 


100 11A 

10 











PN2222 

TO-92 

60 

30 

5 

10 

50 

30 


500 

10 

0.4 

1.3 

150 

8 

250 

20 




10 


(92) 






50 


150 

1 


















100 

300 

150 

10 

1.6 

2.6 

500 















75 


10 

1 


















50 


1 

1 


















35 


100 fiA 

1 











PN3641 

TO-92 

60 

30 

5 

50* 

50 

15 


500 

10 

0.22 


150 

8 

250 

50 




10 


(92) 






40 

120 

150 

10 











PN3642 

TO-92 

60 

45 

5 

50* 

50 

15 


500 

10 

0.22 


150 

8 

250 

50 




10 


(92) 






40 

120 

150 

10 











PN3643 

TO-92 

60 

30 

5 

50* 

50 

20 


500 

10 

0.22 


150 

8 

250 

50 




10 


(92) 






100 

300 

150 

10 











PN3694 

TO-92 

45 

45 

4 

50 

30 

100 

400 

10 

1 




6 

200 

10 




10 


(92) 




















PN4140 

TO-92 

60 

30 

5 



20 


500 

10 

0.4 

1.3 

150 

8 

250 

20 

310 


(Note 2) 

10 


(92) 






20 


150 

1 


















40 

120 

150 

10 

1.6 

2.6 

500 















35 


10 

10 


















25 


1 

10 


















20 


100 jllA 

10 












CO 
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NPN Transistors 


General Purpose Amps and Switches (Continued) 





BHil 

■Bl 

VeBO 

(V) 

Min 

ICBO 
(nA) @ 
Min 

VcB 

(V) 

hpE 

Min Max 

(mA) 

VCE 

(V) 

VcE(SAT) 
(V) & 

Max 

VbE(SAT) 
(V) @ 

Min Max 

ic 

(mA) 

EWl 

KBl 





Test 

Conditions 

Process 

No. 

PN4141 

TO-92 

60 

30 

5 



30 


500 

10 

0.4 

1.3 

150 

8 

BSI 


20 

310 





(92) 






50 


150 

1 









■ 










100 

300 

150 

10 

1.6 

2.6 

500 
















75 


10 

10 



















50 


1 

10 



















35 


lOO/uiA 

10 












PN5127 

TO-92 

20 

12 

3 

50 

10 

15 

300 

2 

10 

0.3 

1.0 

10 

4 

HBI 


2 






(92) 





















PN5128 


15 

12 


50 

10 

35 

350 

50 

10 

0.25 

1.1 

150 

10 


800 

50 


■ 










20 


10 

10 









■ 



PN5129 


15 

12 

3 

50 

10 

35 

350 

50 

10 

0.25 

1.1 

150 

10 

200 

800 

50 




10 


(92) 






20 


10 

10 












PN5131 

TO-92 

20 

15 

3 

50 

10 

35 

500 

10 

1 

1.0 


10 

6 







10 


(92) 





















PN5132 

TO-92 

20 

20 

3 

50 

10 

30 

400 

10 

10 

2.0 

0.9 

10 

4 


n 





10 


(92) 





















PN5135 

TO-92 

30 

25 

4 

300 

15 

50 

60* 

10 

10 

1.0 

1.0 

100 

25 







10 


(92) 






15 


2 

10 






mu 






PN5136 

TO-92 

30 

20 

3 

100 

20 

20 

400 

150 

1 

0.25 

1.1 

150 

35 

40 

400 





10 


(92) 






20 


30 

1 












PN5137 

TO-92 

30 

20 

3 

100 

20 

20 

400 

150 

1 

0.25 

1.1 

150 

35 

40 

400 





10 


(92) 






20 


30 

1 












TIS90 

TO-92 

40 

40 

5 

100 

20 

100 

300 

50 

2 

0.25 

0.6 1 

50 








10 


(94) 





















TIS92 

TO-92 

40 

40 

5 

100 

20 

100 

300 

50 

2 

0.25 

0.6 1 

50 








10 


(97) 





















TIS97 

TO-92 


40 


10 

40 

250 

700 

0.1 

5 









3 

(Note 7) 

10 


(97) 





















TIS98 

TO-92 


60 


10 

40 

100 

300 

1 

5 

0.5 


100 


2 


10 




10 


(97) 





















TIS99 

TO-92 


65 


10 

40 

55 

300 

100 

5 

0.5 


100 


2 


10 




10 


(97) 
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General Purpose Amplifers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

VCB 

Min ' ^ 

hpE 

Min Max 

(mA)"^ 

VCE 

(V) 

VCE(SAT) 

(V) 

Max 

VbE(SAT) 

& (V) @ 

Min Max 

ic 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) ( 
Min Max 

'C 

-(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

TN2218A 

TO-237 

75 

40 

6 

10 

60 

25 


500 

10 

0.3 

0.6 1.2 

150 

8 

250 

20 

285 


(Note 2) 

10 


(91) 






20 


150 

1 


















40 

120 

150 

10 


















35 


10 

10 


















25 


1 

10 


















20 


100 fxA 

10 











TN2219 

TO-237 

60 

30 

5 

10 

50 

30 


500 

10 

0.4 

1.3 

150 

8 

250 

20 




10 


(91) 






50 


150 

1 


















100 

300 

150 

10 

1.6 

2.6 

500 















75 


10 

10 


















50 


1 

10 


















35 


0.1 

10 











TN2219A 

TO-237 

75 

40 

6 

10 

60 

40 


500 

10 

0.3 

0.6 1.2 

150 

8 

250 

20 


4 

(Note 3) 

10 


(91) 






50 


150 

1 


















100 

300 

150 

10 

1.0 

2.0 

500 















75 


10 

10 


















50 


1 

10 


















35 


0.1 

10 











2N3704 

TO-92 

50 

30 

5 

100 

20 

100 

300 

50 

2 

0.6 


100 

12 

100 

50 




13 


(94) 




















2N3705 

TO-92 

50 

30 

5 

100 

20 

50 

150 

50 

2 

0.8 


100 

12 

100 

50 




13 


(94) 




















2N3706 

TO-92 

40 

20 

5 

100 

20 

30 

600 

50 

2 

1.0 


100 

12 

100 

50 




13 


(94) 




















2N3794 

TO-92 

40 

20 

5 

500 

15 

100 


100 

10 

0.4 


10 

10 

100 600 

10 




13 


(94) 






100 

600 

10 

10 


















35 


1 

10 











2N4400 

TO-92 

60 

40 

6 



20 


500 

2 

0.4 

0.75 0.95 

150 

6.5 

200 

20 

255 


(Note 2) 

13 


(92) 






50 

150 

150 

1 


















40 


10 

1 

0.75 

1.2 

500 















20 


1 

1 












CO 
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NPN Transistors 


General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CBO V 

Min ' ^ 

•’re @ 'c & ''CE 

Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

®(mA) 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N4401 

TO-92 

(92) 

60 


6 



0.4 0.75 0.95 150 

0.75 1.2 500 


250 20 

255 

1 



2N4944 

TO-92 

(92) 

80 


5 



0.25 150 


60 900 50 


■ 



2N4946 

TO-92 

(92) 

80 


5 


100 300 150 1 

100 30 

0.25 150 


60 900 50 


■ 



2N4951 

TO-92 

(94) 

60 


5 

50 40 

60 200 150 10 

40 10 10 

20 1 10 

0.3 1.3 150 

8 

250 20 


1 



2N4952 

TO-92 

(94) 

60 

30 

5 

50 40 


0.3 1.3 150 

8 

250 20 


1 



2N4953 

TO-92 

(94) 

60 

30 

■ 



0.3 1.3 150 

1 

250 20 


1 



2N4954 

TO-92 

(94) 

40 

30 

■ 




■ 

250 20 


■ 

(Note 2) 


2N5220 

TO-92 

(92) 

15 

15 

■ 




10 

100 20 





2N5225 

TO-92 

(92) 

25 

25 

D 




20 

50 20 



n 


MPS3704 

TO-92 

(92) 

50 





0.6 100 

12 

100 50 




■ 

MPS3705 

TO-92 

(92) 

50 

30 

5 

100 20 

50 150 50 2 

0.8 100 

12 

50 




■ 

MPS3706 

TO-92 

(92) 

40 

llQll 

B 


30 600 50 2 

1.0 100 

12 

100 50 

■ 




13 

MPS6522 

TO-92 

(92) 

■ 

H 

B 



0.5 50 

4 
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General Purpose Amplifiers and Switches (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

VcB 
("A) @ “ 

Min ‘ ' 

hpE @ Ic J,VCE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) I 

(V) & (V) @ J; 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

(MHz) @ 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPS6530 

TO-92 

(92) 

60 

40 

5 

50 40 

25 500 10 

40 120 100 1 

30 10 1 

0.5 1.0 100 

5 





13 

MPS6531 

TO-92 

(92) 

60 

40 

5 

50 40 

50 500 10 

90 270 100 1 

60 10 1 

0.3 1.0 100 

5 





13 

MPS6532 

TO-92 

(92) 

50 

30 

5 

100 30 

30 100 1 

0.5 1.2 100 

5 





13 

PN5449 

TO-92 

(92) 

50 

30 

5 

100 20 

100 300 50 2 

0.6 100 


100 50 




13 

PN5816 

TO-92 

(92) 

50 

40 

5 

100 25 

100 200 2 2 

0.75 1.2 500 


100 50 




13 

2N5550 

TO-92 

(92) 

160 

140 

6 

100 100 

20 50 5 

60 250 10 5 

60 1 5 

0.15 1.0 10 

0.25 1.2 50 

6 

100 300 10 


10 

(Note 8) 

16 

2N5551 

TO-92 

(92) 

180 

160 

6 

50 120 

30 50 5 

80 250 10 5 

80 15 

0.15 1.0 10 

0.2 1.0 50 

6 

100 300 10 


8 

(Note 8) 

16 

2N5830 

TO-92 

(92) 

120 

100 

5 

50 100 

60 1 5 

80 500 10 5 

80 50 5 

0.15 0.8 1 

0.2 1 10 

0.25 1 50 


100 500 10 




16 

2N5831 

TO-92 

(92) 

160 

140 

5 

50 120 

60 1 5 

80 250 10 5 

80 50 5 

0.15 0.8 1 

0.2 1.0 10 

0.25 1.0 50 

4 

100 500 10 




16 

2N5833 

TO-92 

(92) 

200 

180 

6 

10 160 

50 1 5 

50 250 10 5 

50 50 5 

0.15 0.8 1 

0.2 1.0 10 

0.25 1.0 50 

4 

100 500 10 




16 

MPSL01 

TO-92 

(92) 

140 

120 

6 

1 jxA 40 

50 300 10 5 

0.2 1.2 1.0 

0.2 1.4 50 

8 

60 10 




16 

PN5965 

TO-92 

(92) 

200 

180 

5 

50 160 

50 1 5 

50 250 10 5 

50 50 5 

0.15 0.8 

0.2 1.0 

0.25 1.0 

4 





16 

2N696 

TO-5 

60 


5 

1 iiA 30 

20 60 150 10 

1.5 1.3 150 

20 

40 50 




19 

___I 


sjoisjsueji NdN 
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NPN Transistors 


General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

VcB 

(nA)®,vf 

Min ' ' 

hpE 

Min Max 

(mA) 

VCE 

(V) 

VcE(SAT) 
(V) & 

Max 

VbE(SAT) 
(V) @ 

Min Max 

, 'c 
(mA) 

Cob 

(PF) 

Max 

Ic 

®(mA) 
Min Max ' 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N697 

TO-5 

60 

45 

5 

1 jjlA 

30 

40 

120 

150 

10 

1.5 

1.3 

150 

35 

50 

1 

50 




19 

2N718 

TO-18 

60 

30 

5 

1 juA 

30 

40 

120 

150 

10 

1.5 

1.3 

150 

35 

50 

15 




19 

2N718A 

TO-18 

75 


7 

10 

60 

20 


500 

10 

1.5 

1.3 

150 

25 

60 

50 


12 

(Note 1) 

19 








40 

120 

150 

10 


















35 


10 

10 


















20 


100 fxA 

10 











2N956 

TO-18 

75 

35 

7 

10 

60 

40 


500 

10 

1.5 

1.3 

150 

25 

70 

50 


8 

(Note 1) 

19 








100 

300 

150 

10 


















75 


10 

10 


















35 


100 fiA 

10 


















20 


lOjaA 

10 











2N1420 

TO-5 

60 

30 

5 

1 fiA 

30 

100 

300 

150 

10 

1.5 

1.3 

150 

35 

50 

50 




19 

2N1566 

TO-5 

80 

60 

5 

1 juiA 

40 

80 

200 

5 

5 

1.0 


10 

10 

60 

5 




19 








(1 kHz) 













2N2218 

TO-5 

60 

30 

5 

10 

50 

20 


500 

10 

0.4 

1.3 

150 

8 

250 

20 



(Note 2) 

19 








20 


150 

1 


















40 

120 

150 

10 

1.6 

2.6 

500 















35 


10 

10 


















25 


1 

10 


















20 


100 julA 

10 











2N2218A 

TO-5 

75 

40 

6 

10 

60 

25 


500 

10 

0.3 

0.6 1.2 

150 

8 

250 

20 

285 


(Note 2) 

19 








20 


150 

1 


















40 

120 

150 

10 


















35 


10 

10 


















25 


1 

10 


















20 


100 juiA 

10 











2N2219 

TO-5 

60 

30 

5 

10 

50 

30 


500 

10 

0.4 

1.3 

150 

8 

250 

20 




19 








50 


150 

1 


















100 

300 

150 

10 

1.6 

2.6 

500 















75 


10 

10 


















50 


1 

10 


















35 


100 juiA 

10 
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NPN Transistors 


General Purpose Amplifiers and Switches (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

VCB 
(nA) @ “ 

Min ' ' 

hpE 

Min Max 

@ & 
(mA) 

VCE 

(V) 

VcE(SAT) 
(V) & 

Max 

VbE(SAT) 
(V) @ 

Min Max 

Ic 

(mA) 

Cob 

(PF) 

Max 

't Ic 

(MHz) @ C 

Min Max 

w 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N3300 

TO-5 

60 

30 

5 

10* 

50 

50 


500 

10 

0.22 

1.1 

150 

8 

250 

50 

150 


(Note 4) 

19 








50 


150 

1 


















100 

300 

150 

10 


















75 


10 

10 

0.6 

1.5 

500 















50 


1 

10 


















35 


100 11A 

10 











2N3301 

TO-18 

60 

30 

5 

10* 

50 

20 


500 

10 

0.22 

1.1 

150 

8 

250 

50 

150 


(Note 4) 

19 








20 


150 

1 


















40 

120 

150 

10 

0.6 

1.5 

500 















35 


10 

10 


















25 


1 

10 


















20 


100|LtA 

10 











2N3302 

TO-18 

60 

30 

5 

10* 

50 

50 


500 

10 

0.22 

1.1 

150 

8 

250 

50 

150 


(Note 4) 

19 








50 


150 

1 


















100 

300 

150 

10 

0.6 

1.5 

500 















75 


10 

10 


















50 


1 

10 


















35 


100 juiA 

10 











PN2222A 

TO-92 

75 

40 

6 

10 

60 

40 


500 

10 

0.3 

0.6 1.2 

150 

8 

300 

20 

285 


(Note 2) 

19 


(92) 






50 


150 

1 


















100 

300 

150 

10 

1.0 

2.0 

500 















75 


10 

1 


















50 


1 

1 


















35 


100 juA 

1 











2N915 

TO-18 

70 

50 

5 

10 

60 

50 

200 

10 

5 

1.0 

0.9 

10 

3.5 

250 

10 




23 

2N916 


45 

25 

5 

10 

30 

50 

200 

10 

1 

0.5 

0.9 

10 

6 

300 

10 




23 

2N3691 


Same as PN3691 

23 

2N3692 


Same as PN3692 

23 








3-29 


General Purpose Am 

plifiers and Switches (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

VCB 

Min ' ^ 

'’FE @ 'C 4 VcE 

Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) I 

(V) & (V) @ ^ 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

^ Ic 

(MHz) @ J; 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N3903 

TO-92 

(92) 

60 

40 

6 


15 100 1 

30 50 1 

50 150 10 1 

35 1 1 

20 lOOjLtA 1 

0.2 0.6 0.85 10 

0.3 0.95 50 

4 

250 10 

225 

6 

(Notes 6 & 7) 

23 

2N3904 

TO-92 

(92) 

60 

40 

6 

30 

30 100 1 

60 50 1 

100 300 10 1 

70 1 1 

40 IOOjllA 1 

0.2 0.65 0.85 10 

0.3 0.95 50 

4 

300 10 

250 

5 

(Notes 6 & 7) 

23 

2N3946 

TO-18 

60 

40 

6 


20 50 1 

50 150 10 1 

45 1 1 

30 IOOjllA 1 

0.2 0.6 0.9 10 

0.3 1.0 50 

4 

250 10 

375 

5 

(Notes 6 & 7) 

23 

2N3947 

TO-18 

60 

40 

6 


40 50 1 

100 300 10 1 

90 1 1 

60 IOOjllA 1 

0.2 0.6 0.9 10 

0.3 1.0 50 

4 

300 10 

450 

5 

(Notes 6 & 7) 

23 

2N4123 

TO-92 

(92) 

40 

30 

5 

50 20 

25 50 1 

50 150 2 1 

0.3 0.95 50 

4 

250 10 


6 

(Note 7) 

23 

2N4124 

TO-92 

(92) 

30 

25 

5 

50 20 

60 50 1 

120 360 2 1 

0.3 0.95 50 

4 

300 10 


5 

(Note 7) 

23 

MPQ3904 

TO-116 

(39) 

60 

40 

6 

50 40 

30 0.1 1 

50 1 1 

75 10 1 

0.2 0.85 10 

4 

250 10 




23 

MPQ6700 

TO-116 

(39) 

40 

40 

5 

50 30 

30 0.1 1 

50 1 1 

70 10 1 

0.25 0.1 10 

4.5 

200 10 




23/66 

MPS2711 

TO-92 

(92) 

18 

18 

5 

500 18 

30 90 2 4.5 


4 





23 

MPS2712 

TO-92 

(92) 

18 

18 

5 

500 18 

75 225 2 4.5 


4 





23 
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NPN Transistors 


General Purpose Amplifiers and Switches (Continued) 

I '^CBO I VcEO VebO IcBO T ^ 


Type Case 
No. Style 


(V) (V) (V) (nA) 

Min Min Min Min 


s,VcB hpE @ Ic .VcE 
' (V) Min Max (mA) (V) 


VCE(SAT) Vbe(SAT) 
(V) & (V) @ 

Max Min Max 


Ic Test Process 

(pF) (MHz) (ns) (dB) ^ 

« «■ mm ("™A) ' ' ' ' Conditions No. 

Max Mm Max Max Max 


MPS2716 

MPS3721 


MPS3826 TO-92 

_^ 

MPS3827 TO-92 

_( 9 ^ 

MPS6512 TO-92 

_^ 

MPS6513 TO-92 

_( 9 ^_ 

MPS3514 TO-92 40 

_ 

MPS3515 TO-92 
(92) 


MPS6564 TO-92 
_ (92) 

MPS6565 TO-92 



500 18 75 225 2 4.5 

500 18 60 660 2 

_ (1 kHz) 

100 30 40 160 10 

100 30 100 400 10 

50 30 30 100 

_ 50 100 2 

50 30 60 100 

_ 90 180 2 

50 30 90 100 10 0.5 

_ 150 300 2 10 _ 

50 30 150 100 10 0.5 

_ 250 500 2 10 _ 

500 40 25 10 5 0.5 

100 30 40 160 10 10 0.4 



3.5 


3.5 

200 800 10 

3.5 

200 800 10 

3.5 


3.5 


3.5 


3.5 


4 


3.5 
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NPN Transistors 



National 

SemiconductDr 


Medium Power 


Type 

No. 

Case 

Style 

i 

VcBO 

(V) 

Min 

VCER* 

VCEO 

(V) 

Min 

VebO 

(V) 

Min 

•CES* 

'CBO@ 

(nA) 

Max 

VcB 

(V) 

hpE 

Min Max 

(mA) 

VCE 

(V) 

VcE(SAT) 
(V) & 
Max 

VbE(SAT) 
(V) @ 

Min Max 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

ic 

(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N699 


^^9 


5 

2 

60 

40 

120 

150 

10 

5.0 

1.3 


20 

50 

50 




12 

2N1613 

TO-5 


35 

7 

10 

60 

20 


500 

10 

1.5 

1.3 

150 

25 

60 

50 

■ 

12 


12 

also Avail. 


m 





40 

120 

150 

10 











JAN/TX/V 







35 


10 

10 







^B 




Versions 







20 


100 ju,A 

10 







■ 





TO-5 

H 

35 

7 

10 

60 

40 


500 

10 

1.5 

1.3 

150 

25 

70 

50 

■ 

8 


12 








100 

300 

150 

10 


















75 


10 

10 







^B 






B 





35 


100 11A 

10 













B 





20 


lOjLiA 

10 







^B 




2N1890 

TO-39 

100 


7 

10 

75 

100 

300 

150 

10 

1.2 

0.9 

50 

15 

60 

50 




12 




B 








5.0 

1.3 

150 








2N1893 

TO-39 

100 


7 

10 

90 

40 

120 

150 

10 

1.2 

0.9 

50 

15 

50 

50 

■ 

■ 


12 

also Avail. 







35 


10 

10 











JAN/TX/V 

Versions 



■ 




20 


0.1 

10 

5.0 

1.3 

150 




1 

1 



2N2102 

TO-39 

120 

65 

7 

2 

60 

10 


0.01 

10 

0.5 

1.1 

150 

15 

60 

50 




12 








20 


0.1 

10 


















35 


10 

10 


















40 

120 

150 

10 


















25 


500 

10 


















10 


1A 

10 











2N2192 

TO-39 

60 

40 

5 

10 

30 

15 


0.01 

10 

0.35 

1.3 

150 

10 

50 

50 




12 








75 


0.1 

10 


















100 

300 

10 

10 


















70 


150 

10 


















35 


500 

10 














^^9 




15 


1A 

10 
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NPN Transistors 


Medium Power (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCER* 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

hpE @ Ic -^CE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ' ' 

Cob 

(PF) 

Max 

(MHz) @ /f 
Min Max 

*off 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N3020 

TO-39 

140 

80 

7 

10 90 

30 100 0.1 10 

40 120 10 10 

40 120 150 10 

30 100 500 10 

15 1A 10 

0.2 1.1 150 

0.5 500 

12 

80 50 




12 

2N3053 

TO-39 

60 

40 

5 

250 30 

25 150 2.5 

50 250 150 10 

1.4 1.7 150 

15 

100 50 




12 

2N3107 

TO-39 

100 

60 

7 

10 60 

35 0.1 10 

100 300 150 10 

40 500 10 

0.25 1.1 150 

1.0 2.0 1A 

20 

70 50 

1000 

7 

(Notes 5 & 6) 

12 

2N3108 

TO-39 

100 

60 

7 

10 60 

20 0.1 10 

40 120 150 10 

25 500 10 

0.25 1.1 150 

1.0 2.0 1A 

20 

60 50 

600 

7 

(Notes 5 & 6) 

12 

2N3109 

TO-39 

80 

40 

7 

10* 60 

35 0.1 10 

100 300 150 10 

40 500 10 

0.25 1.1 150 

1.0 2.0 1A 

25 

70 50 

1000 

7 

(Notes 5 & 6) 

12 

2N3110 

TO-39 

80 

40 

7 

10* 60 

20 0.1 10 

40 120 150 10 

25 500 10 

0.25 1.1 150 

1.0 2.0 1A 

25 

60 50 

600 

7 

(Notes 5 & 6) 

12 

2N3568 


Same as PN3568 

12 

2N3665 

TO-39 


80 

10 

50* 60 

30 10 10 

40 120 150 10 

25 500 10 

0.5 1.2 150 

1.2 1.8 500 

12 

60 50 


■ 


12 

2N3666 

TO-39 


80 

10 

50* 60 

70 10 10 

100 300 150 10 

50 500 10 

0.5 1.2 150 

1.2 1.8 500 

12 

60 50 


■ 


12 

2N3700 

TO-18 


80 

1 

10 90 

50 1 10 

90 10 10 

100 300 150 10 

50 500 10 

15 1A 10 

0.2 1.1 150 

0.5 500 

12 

100 200 5 




12 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VCBO 

(V) 

Min 

VcER* 

VCEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

'CBO@ 

(nA)"- 

Max 

VcB 

(V) 

hPE @ 
Min Max 

ic 

(mA) 

&''CE 

(V) 

VcE(SAT) 
(V) & 
Max 

VbE(SAT) 
(V) @ 

Min Max 

ic 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N3701 

TO-18 

140 

80 

7 

10 

90 

40 

120 

150 

10 

0.2 


150 

12 

80 

50 




12 








40 

120 

10 

10 


















30 

100 

0.1 

10 

0.5 

1.1 

500 















30 

100 

500 

10 


















15 


1 

10 











2N3945 

TO-39 

70 

50 

8 

40 

60 

25 


10 

10 

0.5 

1.2 

150 

12 

60 

50 




12 








40 

250 

150 

10 


















20 


500 

10 

1.8 

1.8 

500 








2N4945 

TO-92 

80 

80 

5 

50 

40 

40 

120 

150 

1 

0.25 


150 


60 900 

50 




12 


(92) 






40 


30 












MPSA05 

TO-92 


60 

4 

100 

60 

50 


10 

1 

0.25 


100 


100 

100 




12 


(92) 






50 


100 

1 











MPSA06 

TO-92 


80 

4 

100 

80 

50 


10 

1 

0.25 


100 


100 

100 




12 


(92) 






50 


100 

1 











PN3568 

TO-92 

80 

60 

5 

50 

40 

40 


30 

1 

0.25 


150 

20 

60 600 

50 




12 


(92) 






40 

120 

150 

1 











TN1711 

TO-237 

75 


7 

10 

60 

20 


0.01 

10 

1.5 


150 

25 






12 


(91) 






35 


0.1 

10 



150 















75 


10 

11 

1.3 

















100 


150 

10 


















40 

300 

500 

10 











TN2102 

TO-237 

120 

65 

7 

10 

60 

10 


0.01 

10 

0.5 

1.1 

150 

15 

60 

50 




12 


(91) 






20 


0.1 

10 


















35 


10 

10 


















40 

120 

150 

10 


















25 


500 

10 


















10 


1A 

10 











TN3019 

TO-237 

140 

80 

7 

10 

90 

50 


1 

10 

0.2 

1.1 

150 

12 

100 

50 




12 


(91) 






90 


10 

10 


















100 

300 

150 

10 

0.5 


500 















50 


500 

10 


















15 


1A 

10 












CO 
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NPN Transistors 


Medium Power (continued) 

Type 

No. 

Case 

Style 

VCBO 

(V) 

Min 

VcER* 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

•’re @ 'c ^VcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ' ' 

Cob 

(PF) 

Max 

(MHz) @ 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

TN3020 

TO-237 

(91) 

140 

80 

7 

10 90 

30 100 1 10 

40 120 10 10 

40 120 150 10 

30 100 500 10 

15 1A 10 

0.2 1.1 150 

0.5 500 

12 

80 50 




12 

TN3053 

TO-237 

(91) 

60 

40 

5 

250 30 

25 150 2.5 

50 250 150 10 

1.4 1.7 150 

15 

100 50 




12 

PN3566 

TO-92 

(92) 

40 

30 

5 

50 20 

150 600 10 10 

80 2 10 

1.0 100 

25 

4 100 30 




13 

PN3567 

TO-92 

(92) 

80 

40 

5 

50 40 

40 120 150 1 

40 30 1 

0.25 150 

20 

60 600 50 




13 

PN3569 


80 

40 

5 

50 40 

100 300 150 1 

100 30 1 

0.25 150 

20 

60 600 50 




13 

2N3566 


Same as PN3566 

13 

2N3567 


Same as PN3567 

13 



Same as PN3568 

13 



80 

50 

8 

100 60 







2 

34 

2N2658 

TO-39 

100 

80 

8 

100 60 


0.5 1.5 1A 

3.0 2.5 5A 





2 

34 

2N2890 

TO-39 

100 

80 

5 

50 julA 60 


0.5 1.2 1A 

70 

30 200 


■ 


34 




80 

5 

50 jLiA 60 

50 300 50 10 

35 100 

80 150 1A 2 

40 2A 8 

0.5 1.2 1A 

0.75 1.3 2A 


30 200 


1 

■ 

34 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

Vcer"' 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

•CES"^ 

ICBO@ VcB 
(nA) (V) 
Max 

hFE @ IC j^VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

ic 

(MHz) @ 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N5148 



80 


1 jLiA 60 

20 50 5 

30 90 1A 5 

15 2A 5 

5 3A 5 

0.46 1.2 100 

0.85 1.5 200 

70 

60 200 




34 

2N5150 

TO-39 


80 


1 /xA 60 

60 50 5 

70 200 1A 5 

30 2A 5 

15 3A 5 

0.46 1.2 100 

5.0 3A 

70 

60 200 




34 

2N5336 

TO-39 


80 


10|ulA 80 

30 600 2 

30 120 2A 2 

20 5A 2 

0.7 1.2 2A 

1.2 1.8 5A 

■ 

30 500 


1 

7 

34 

2N5338 

TO-39 


100 


10/xA 100 

30 600 2 

30 120 2A 2 

20 5A 2 


■ 

30 500 


1 

7 

34 

2N3439 

TO-39 


350 

7 

20 juA 360 

40 160 20 10 

0.5 1.3 50 

Bl 

15 10 



10 

36 

2N3440 

TO-39 


250 


20 ixA* 300 

40 160 20 10 







36 

2N6591 

TO-202 

(55) 

150 

150 

5 

200 100 

40 250 10 10 

40 200 100 10 

0.8 200 






36 

2N6592 

TO-202 

(55) 

200 

200 

5 

200 150 

30 250 10 10 

40 200 100 10 

0.8 200 






36 

2N6593 

TO-202 

(55) 

250 

250 

5 

200 200 

30 250 10 10 

30 200 100 10 

0.8 200 






36 

2N6720 

TO-237 

(91) 

175 

150 

6 

1 jliA 150 

25 50 10 

30 100 10 

15 250 10 

10 50 500 10 

0.5 100 


30 300 50 




36 

2N6721 

TO-237 

(91) 

225 

200 

6 

1 /xA 200 

25 50 10 

30 100 10 

15 250 10 

10 50 500 10 

0.5 100 


30 300 50 




36 


ca 
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NPN Transistors 


Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCER* 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

hpE @ Ic -VcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

(V) & (V) @ 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

(MHz) @ J; 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N6722 

TO-237 

(91) 

275 

250 

6 

1 fiA 250 

25 50 10 

30 100 10 

15 250 10 

10 50 500 10 

0.5 100 


30 300 50 




36 

2N6723 

TO-237 

(91) 

325 

300 

6 

1 ju,A 300 

25 50 10 

30 100 10 

15 250 10 

10 50 500 10 

0.5 100 


30 300 50 




36 

92PU36 

TO-237 

(91) 

175 

150 

6 

1 juA 150 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 100 

1 





36 

92PU36A 

TO-237 

(91) 

225 

200 

6 

1 jliA 200 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 100 

1 





36 

92PU36B 

TO-237 

(91) 

275 

250 

6 

1 juiA 250 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 100 






36 

92PU36C 

TO-237 

(91) 

325 

300 

6 

1 iiA 300 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 100 






36 

D40P1 

TO-202 

(55) 


120 


IOjulA 200 

20 2 10 

40 80 10 

1.0 100 

15 

10 80 




36 

D40P3 

TO-202 

(55) 


180 


lOjuiA 250 

20 2 10 

40 80 10 

1.0 1.5 100 

15 

10 80 




36 

D40P5 

TO-202 

(55) 


225 


lOjuA 300 

20 2 10 

40 80 10 

1.0 1.5 100 

15 

10 80 




36 
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Medium Power (Continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCER* 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

ICBO@ VcB 
(nA) (V) 

Max 

Min Max (mA) (V) 

VcE{SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ^ 

Cob 

(PF) 

Max 

fj , 

(MHz) @ C 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

NSD36 

TO-202 

(55) 

175 

150 

6 

1 jmA 150 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 

15 

10 50 




36 

NSD36A 

TO-202 

(55) 

225 

200 

6 

1 fiA 200 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 


10 50 

1 

1 


36 

NSD36B 

TO-202 

(55) 


250 

6 

1 jutA 250 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 



1 

1 


36 

NSD36C 

TO-202 

(55) 


300 

6 

1 fiA 300 

25 50 10 

30 300 100 10 

15 250 10 

10 500 10 

0.5 


10 50 




36 

NSD3439 

TO-202 

(55) 


350 


20 ^A 300 

30 2 10 

40 160 20 10 

0.5 1.3 50 

20 

15 10 




36 

NSD3440 



250 


500 fiA 200 

30 2 10 

40 160 20 10 

0.5 1.3 50 

20 

15 10 




36 

TN3440 

TO-237 

(91) 


250 


20 juiA 250 

30 2 10 

40 160 20 10 

0.5 1.3 50 


15 10 




36 

2N6714 


40 


5 


55 10 1 

60 100 1 

50 250 1A 1 

0.5 100 






37 

92PU01 




5 


55 10 1 

60 100 1 

50 1A 1 

0.5 1A 

30 





37 


TO-202 

(55) 


30 


100* 45 

50 150 100 

10 1A 

0.5 1.5 500 






37 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcER* 

VcEO 

(V) 

Min 


•CES* 

ICBO@ VcB 
(nA) (V) 
Max 

'’re @ 'c J,VCE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ' ' 

Cob 

(PF) 

Max 

(MHz) @ C 
Min Max * ** 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

D40E5 



60 


100* 70 


1.0 1.3 1A 






38 

D42C4 

TO-202 

(56) 


45 


1 /xA 45 


0.5 1.3 1A 

30 





38 

D42C5 





1 /xA 45 


0.5 1.3 1A 

30 





38 

D42C6 

TO-202 

(56) 




1 /xA 45 


0.5 1.3 1A 

30 





38 

MPS6715 

TO-237 

TO-226 

(99) 




100 50 


0.5 1A 

30 

50 




38 

MPS6717 

TO-226 

(99) 




100 60 

80 50 1 

50 250 250 1 

20 500 1 

0.35 250 


50 500 200 




38 

MPSW01 

TO-226 

(99) 


40 

5 

100 50 

55 10 1 

60 100 1 

50 1A 1 

0.5 1A 

30 

100 50 




38 

NSD102 

TO-202 

(55) 

60 

45 

5 

100 60 

40 10 5 

50 150 100 5 

40 500 5 

25 1A 5 

0.2 0.9 100 

0.4 1.2 500 

30 

60 50 




38 

NSD103 

TO-202 

(55) 

60 

45 

5 

100 60 

50 10 5 

120 360 100 5 

50 500 5 

30 1A 5 

0.2 0.9 100 

0.4 1.2 500 

30 

60 50 




38 

NSD6179 

TO-202 

(55) 


50 


500 jixA 60 

30 500 2 

40 250 500 2 

10 1A 2 

0.5 1.2 500 






38 

NSDU01A 

TO-202 

(55) 

50 

40 

5 

100 40 

55 10 1 

60 100 1 

50 1A 1 

0.5 1.2 1A 

30 

50 50 




38 
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NPN Transistors 


Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcER* 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CES* 

Icbo@Vcb 
( nA) (V) 
Max 

hpE @ Ic J,VCE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ^ ' 

Cob 

(PF) 

Max 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

NSDU05 

TO-202 

(55) 

60 

60 

4 

100 60 

80 50 1 

50 250 1 

20 500 1 

0.35 250 

30 

50 200 




38 

NSE181 

TO-202 

(56) 

■ 

60 

■ 

100 80 

50 250 10 1 

30 500 1 

12 1A 1.5 

0.3 500 

0.9 1.5 1.5A 

1 

50 200 




38 

2N6553 

TO-202 

(55) 


100 


■ 

60 10 1 

80 250 50 1 

60 250 1 

25 500 1 

1.0 1A 

1 

75 250 100 

1 



39 


TO-237 

(91) 


80 


m 

80 50 1 

50 250 250 1 

20 500 1 

0.35 250 

1 


1 



39 


TO-237 

(91) 

100 

100 

5 

100 80 

80 50 1 

50 250 250 1 

20 500 1 

0.35 350 


50 500 200 

1 

■ 


39 

2N6731 

TO-237 

(91) 

100 

80 

5 

100 80 

100 10 2 

100 300 350 2 

0.35 350 


50 500 200 




39 

92PU06 

TO-237 

(91) 

80 

100 

80 

4 

100 80 

20 500 500 1 

50 250 250 1 

80 50 50 1 

0.35 250 

30 

50 200 

■ 

■ 


39 

92PU07 

TO-237 

(91) 


100 

4 

100 80 

80 50 1 

50 250 1 

20 500 1 

0.35 250 

30 

50 200 




39 

92PU100 



80 

■ 


20 10 5 

50 150 100 5 

10 1A 5 

0.35 350 

20 

50 100 


■ 


39 

D40D10 

TO-202 

(55) 


H 

■ 



1.0 1.5 500 






39 

D40D11 

■SB 


H 

■ 

100* 90 

120 360 100 2 

10 1A 2 

1.0 1.5 500 






39 
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NPN Transistors 


Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCER* 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

*CBO@VcB 
(nA) (V) 
Max 

hpE @ Ic J,VCE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

*T , 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N6712 

TO-237 

(90) 

250 

250 

7 

50 200 

15 1 10 

15 10 10 

30 200 30 10 



40 200 10 




48 

2N6713 

TO-237 

(90) 

300 

300 

7 

50 250 

15 1 10 

15 10 10 

30 200 30 10 



40 200 10 




48 

2N6719 

TO-237 

(91) 

300 

300 

7 

100 200 

25 1 10 

40 10 10 

40 200 30 10 



30 300 15 




48 

2N6733 

TO-237 

(91) 

200 

200 

6 

100 160 

25 1 10 

40 200 10 10 

2.0 20 


50 200 10 




48 

2N6734 

TO-237 

(91) 

250 

250 

6 

100 200 

25 1 10 

40 200 10 10 

2.0 


50 200 10 




48 

2N6735 

TO-237 

(91) 

300 

300 

6 

100 260 

25 1 10 

40 200 10 10 



50 200 10 




48 

92PE487 

TO-237 

(90) 

160 

160 

■ 

50 100 

15 1 10 

15 10 10 

30 30 10 

1.0 30 

3 



■ 


H 

92PE488 

TO-237 

(90) 

250 

250 

■ 

50 100 

15 10 10 

15 10 10 

30 30 10 

1.0 30 

3 



■ 


D 



300 

300 

■ 

50 200 

15 1 10 

15 10 10 

30 30 10 

1.0 30 

3 



■ 


B 

92PU10 

TO-237 

(91) 

■ 


■ 

100 200 

25 1 10 

40 10 10 

40 30 10 

0.75 30 

3.5 


1 

1 


48 

92PU391 

TO-237 

(91) 

200 


■ 

100 160 

— 

2.0 2.0 20 

2.5 

50 10 




48 

92PU392 



im^^i 

■ 

100 200 


2.0 2.0 20 

2.5 

50 10 




48 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcER* 

VCEO 

(V) 

Min 

VebO 

(V) 

Min 

•CES* 

ICBO @ VcB 
(nA) (V) 
Max 

hpE @ Ic jVcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ^ * 

Cob 

(PF) 

Max 

1 

(MHz) @ C 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

92PU393 

TO-237 

(91) 

300 

300 

6 

100 260 

25 1 10 

40 10 10 

2.0 2.0 20 

2.5 

50 10 




48 

D40N1 



250 


lO/xA 250 




50 20 




48 

D40N2 

TO-202 

(55) 


250 


lOjaA 250 

30 4 10 

60 180 20 10 

30 40 10 


■ 

50 20 


■ 


48 

D40N3 


■ 


■ 

IOjulA 300 



■ 

50 20 


■ 


48 

D40N4 

TO-202 

(55) 


300 


10 jut A 300 

30 4 10 

60 180 20 10 

30 40 10 



50 20 




48 

MPS6733 

TO-226 

(99) 

200 

200 

6 

100 160 

25 1 10 

40 200 10 10 

2.0 20 


50 200 10 




48 

MPS6734 

TO-226 

(99) 

250 

250 

6 

100 200 

25 1 10 

40 200 10 10 

2.0 


50 200 10 




48 

MPS6735 

TO-226 

(99) 

300 

300 

6 

100 260 

25 1 10 

40 200 10 10 



50 200 10 




48 

MPSA42 

TO-92 

(92) 

300 

300 

6 

100 200 

25 1 10 

40 10 10 

40 30 10 

0.5 0.9 20 

3 

50 10 




48 

MPSA43 

TO-92 

(92) 

200 

200 

6 

100 160 

25 1 10 

40 10 10 

50 200 30 10 

0.4 0.9 20 

4 

50 10 




48 

92PU10 

MPSW10 

TO-226 

(99) 


300 


100 200 

25 1 10 

40 10 10 

40 30 10 

0.75 30 

3.5 





48 

MPSA42 

MPSW42 

TO-226 

(99) 

300 

300 

6 

100 200 

25 1 10 

40 10 10 

40 30 10 

0.5 0.9 20 

3 

50 10 




48 
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NPN Transistors 


Medium Power (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcER* 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

»CBO@Vcb 
(nA) (V) 
Max 

•’re @ 'c ^VCE 
Min Max (mA) (V) 

VcE{SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

h , 

(MHz) 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPSA43 

MPSW43 

TO-226 

(99) 

200 

200 

6 

100 160 

25 1 10 

40 10 10 

5 2000 30 10 

0.4 0.9 20 

4 

50 10 




48 

NSD131 

TO-202 

(55) 

250 

250 

7 

100 150 

15 1 10 

15 10 10 

30 90 30 10 

1.0 0.85 20 

3 





48 

NSD132 

TO-202 

(55) 

250 

250 

7 

100 150 

15 1 10 

30 10 10 

60 180 30 10 

1.0 0.85 20 

3 





48 

NSD133 

TO-202 

(55) 

300 

300 

7 

100 150 

15 1 10 

15 10 10 

30 90 30 10 

1.0 0.85 20 

3 





48 

NSD134 

TO-202 

(55) 

300 

300 

7 

100 150 

15 1 10 

30 10 10 

60 180 30 10 

1.0 0.85 20 

3 





48 

NSD135 

TO-202 

(55) 

375 

375 

7 

100 150 

15 1 10 

30 10 10 

30 30 10 

1.0 0.85 20 

3 





48 

NSD457 

TO-202 

(55) 

160 

160 

5 

50 100 

25 30 10 

1.0 30 






48 

NSD458 

TO-202 

(55) 

250 

250 

5 

50 200 

25 30 10 

1.0 30 






48 

NSD459 

TO-202 

(55) 

300 

300 

5 

50 250 

25 30 10 

1.0 30 






48 

NSDU10 

TO-202 

(55) 

300 


8 

200 200 

25 1 15 

40 10 15 

40 30 10 

1.5 0.8 20 

3 

60 




48 

NSE457 

TO-202 

(55) 

160 


5 

50 100 

25 30 10 

1.0 30 






48 

NSE458 

TO-202 

(55) 

250 


5 

50 200 

25 30 10 

1.0 30 






48 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCER* 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

Ic 

Mm Max 

toft 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

NSE459 

TO-202 

(55) 

300 

300 

5 

50 250 

25 30 10 

1.0 30 






48 

TN3742 

TO-237 

(91) 

300 

300 

7 

100 200 

10 3 10 

15 10 10 

20 200 30 10 

20 50 20 

0.75 1.0 10 

1.0 1.2 30 

6 

30 10 




48 


TEST CONDITIONS: 

Note 1: Ic = 50 mA, Vcc = 100V, Ib1 = Ib^ = 5 mA. 

Note 2: Ic = 500 jmA. Vce = 10V. f = 1 kHz. 

Note 3: Ic = 500 mA, Vcc = 30V, Ib1 = Ib^ = 50 mA. 

Note 4: Ic = 150 mA. Vcc = 30V, Ib1 = Ib^ = 15 mA. 


Note 5: Ic = 100 juA, Vcc = 10V. f = 1 kHz. 

Note 6: Ic = 500 mA, Vcc = 30V, Ib1 = Ib^ = 50 mA. 
Note 7: Ic = 2A. Vcc = 40V. IbI = Ib^ = 200 mA. 
Note 8 : Ic = 1 mA, Vce = 6V. f = 60 kHz. 


Note 9: Ic/Ib = 8. 
Note 10: Ic/Ib = 12.5. 


CO 
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National 

Semiconductor 


Type 

No. 






2N5305 






2N5306 






2N5307 






2N5308 






2N6426 

TO-92 

(92) 

40 

40 

12 

0.05 

2N6427 

TO-92 

(92) 

40 

40 

12 


2N6548 


50 


12 


2N6549 




12 


2N6724 

TO-237 

(91) 

■ 


12 


2N6725 

TO-237 

(91) 

■ 


12 
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Darlington (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

•CBO @ VcB 
(jaA) (V) 

Max 

hFE @ 'C @ VcE 

Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) @ c 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

fT 

(MHz) ^ ic 

Min Max 

Process 

No. 

92PU45 

TO-237 

(91) 

50 


12 

0.1 30 

4000 1A 5 

15,000 500 5 

25,000 200 5 

1.5 2.0 1A 

1.0 200 


100 200 

05 

92PU45A 

TO-237 

(91) 

60 


12 

0.1 40 

4000 1A 5 

15,000 500 5 

25,000 200 5 

1.5 2.0 1A 

1.0 200 


100 200 

05 

D40C1 

TO-202 

(55) 


30 


0.5* 30 

10,000 60,000 200 5 

1.5 2.0 500 

10 


05 

D40C2 

TO-202 

(55) 


30 


0.5* 30 

40,000 200 5 

1.5 2.0 500 

10 


05 

D40C3 

TO-202 

(55) 


30 


0.5* 30 

90,000 200 5 

1.5 2.0 500 

10 


05 

D40C4 

TO-202 

(55) 


40 


0.5* 40 

10,000 60,000 200 5 

1.5 2.0 500 

10 


05 

D40C5 

TO-202 

(55) 


40 


0.5* 40 

40,000 200 5 

1.5 2.0 500 

10 


05 

D40C7 

TO-202 

(55) 


50 


0.5* 50 

10,000 60,000 200 5 

1.5 2.0 500 

10 


05 

D40C8 

TO-202 

(55) 


50 


0.5* 50 

40,000 200 5 

1.5 2.0 500 

10 


05 

D40K1 

TO-202 

(55) 


30 



10,000 200 5 

1000 1.5A 5 

3000 1A 5 


10 


05 

D40K2 

TO-202 

(55) 


50 



10,000 200 5 

1000 1.5A 5 

3000 1A 5 




05 

D40K3 

i 

TO-202 

(55) 


30 



10,000 200 5 

1000 1.5A 5 

3000 1A 5 




05 

D40K4 

TO-202 

(55) 


50 



10,000 200 5 

1000 1.5A 5 

3000 1A 5 


1_ 


05 


CO 
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NPN Transistors 


Darlins 

|tOn (Continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

Vebo 

(V) 

Min 

Ices* 

ICBO @ VcB 
(ftA) (V) 
Max 

hpE @ 'c @ VCE 

Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) 

Max Min Max ^ 

Cob 

(PF) 

Max 

♦t 

(MHz) ^ Ic 

Min Max 

Process 

No. 

MPQ6426 

TO-116 

40 

30 

12 

100 30 

5000 10 5 

10,000 100 5 

1.5 100 

8 

125 20 

05 

MPQA13 

TO-116 

30 



0.1 30 

10,000 100 5 

5000 10 5 

1.5 100 


125 10 

05 

MPS6724 

TO-226 

(99) 

50 


12 


25,000 200 5 

4000 40,000 1A 5 

1.0 200 


100 200 

05 

MPS6725 

TO-226 

(99) 

50 


12 

0.1 40 

25,000 200 5 

4000 40,000 1A 5 

1.0 200 


100 200 

05 

MPSA12 

TO-92 

(92) 

20 



0.1 15 

20,000 10 5 

1.0 10 



05 

MPSA13 

TO-92 

(92) 

30 



0.1 30 

10,000 100 5 

5000 10 5 

1.5 100 


125 10 

05 

MPSA14 

TO-92 

(92) 

30 



0.1 30 

20,000 100 5 

10,000 10 5 

1.5 100 


125 10 

05 

MPSW13 

TO-226 

(99) 

30 

■ 


0.1 30 

10,000 100 5 

5000 10 5 

1.5 100 


125 10 

05 

MPSW45 


50 

■ 


0.1 30 

4000 1A 5 

15,000 500 5 

25,000 200 5 

1.5 2.0 1A 

1.0 200 

■ 

100 200 


MPSW45A 

i^n 

60 


12 

0.1 40 

4000 1A 5 

15,000 500 5 

25,000 200 5 

1.5 2.0 1A 

1.0 200 


100 200 


NSD151 



30 

12 


5000 10 5 

10,000 150,000 100 5 

1.5 100 

8 

50 10 

05 

NSD152 


■ 


12 


5000 10 5 

10,000 25,000 100 5 

1.5 100 

8 

50 10 

05 

NSD153 

TO-202 

(55) 

■ 


12 


20,000 10 5 

5000 100 5 

1.5 100 

8 

50 10 

05 

NSD154 

TO-202 

(55) 

■ 


12 


20,000 10 5 

5000 100 5 

1.5 100 

8 

50 10 

05 


































Darlington (Continued) 


Type 

No. 



msM 

■M 



NSDU45 


50 

■ 

■ 



NSDU45A 


60 

■ 

■ 


25,000 150,000 

15,000 

4000 

2N7051 

TO-92 

(92) 

100 

100 

B 

100 80 

20,000 

1000 20,000 

2N7052 

TO-92 

100 

100 

B 

100 80 

10,000 

1000 20,000 

2N7053 


100 

100 

12 

100 80 

10,000 

1000 20,000 
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National 

Semiconductor 


Type 

No. 

Case 

Style 

VCBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

«CBO @ VcB 
(nA) (V) 
Max 

Min Max (mA) (V) 

2N3304 


6 

6 i 

4 

10* 3 

20 50 1 

30 120 10 0.3 

15 1 0.5 



6 

6 

4 

10* 3 

20 50 1 

30 120 10 0.3 

2N3639 


Same as PN3639 

2N3640 


Same as PN3640 

2N4208 

TO-52 

12 

12 

4.5 

10* 6 

30 50 1 

30 120 10 0.3 

15 1 0.5 

2N4209 

TO-52 

15 

15 

4.5 

10* 8 

40 50 1 

50 120 10 0.3 

35 1 0.5 

2N4258 


Same as PN4258 

2N4258A 


Same as PN4258A 

2N5140 


Same as PN5140 

2N5228 

TO-92 

(92) 

5 

5 

3 

100* 4 

30 10 0.3 

15 50 1.0 

2N5771 

TO-92 

(92) 

15 

15 

4.5 

10 8 

50 120 10 0.3 

40 50 1.0 

35 1 0.5 

2N5910 


Same as PN5910 

MPS3639 

TO-92 

(92) 

Same as PN3639 

MPS3640 

TO-92 

(92) 

Same as PN3640 



Test Process 

' Conditions No. 
Max 

(Note 7) 65 

(Note 7) 65 

_ 65 

_ 65 

(Note 5) 65 

(Note 5) 65 

_ 65 

_ 65 

_ 65 

65 

(Note 6) 65 

_ 65 

65 

65 
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PNP Transistors 


Saturated Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

•CB0@ 

(nA) 

Max 

VcB 

(V) 

•’FE @ 
Min Max 

Ic 

(mA) 

(V) 

VcE(SAT) 

(V) & 
Max 

VbE(SAT) 
(V) @ 

Min Max 

<c 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

PN3639 

TO-92 

6 

6 

4 

10* 

3 

20 


50 

1.0 

0.16 

0.8 

1.0 

10 

3.5 

300 

10 

60 


(Note 7) 

65 








30 

120 

10 

0.3 

0.5 


1.5 

50 








PN3640 




4 

10* 

6 

20 


50 

1.0 

0.2 

0.8 

1.0 

10 

3.5 

300 

10 

75 


(Note 7) 

65 








30 

120 

10 

0.3 

0.6 


15 

50 








PN4258 




4.5 

10* 

6 

30 


50 

1 

0.15 

0.7 

0.95 

10 

3 

700 

10 

20 

■ 

(Note 6) 

65 


(92) 






30 

120 

10 

3 



















15 


1 

0.8 

0.5 


1.5 

50 





H 



PN4258A 

TO-92 



4.5 

10* 

6 

30 


50 

1 

0.15 

0.7 

0.96 

10 

3 

700 

10 

18 

■ 

(Note 6) 

65 


(92 






30 

120 

10 

3 



















15 


1 

0.5 

0.5 


1.5 

50 





■ 



PN5140 




4 

50* 

3 

20 

40 

10 

1 

0.2 


1.2 

10 

5 

400 

10 

20 


(Note 6) 

65 












0.75 



50 








PN5910 

TO-92 

20 


4.5 

10* 

10 

30 


50 

1 

0.15 

0.75 

0.95 

10 

D 

700 

10 

20 

■ 

(Note 6) 

65 


(92) 






30 

120 

10 

0.3 





H 














15 


1 

0.5 

0.5 


1.5 

50 

■ 




m 



ST5771-1 

TO-92 

15 

■1 

4.5 

10 

8 

30 

150 

10 

0.3 

0.15 


0.8 

1 

D 

700 

10 

30 


(Note 6) 

65 


(92) 






30 


1 

0.5 

0.18 

0.8 

0.95 

10 











■ 




20 


50 

1 

0.6 


1.5 

50 

■ 







ST5771-2 

TO-92 

15 

D 

4.5 

10 

8 

40 

150 

10 

0.3 

0.15 


0.8 

1 

3 

700 

10 

30 


(Note 6) 

65 


(92) 


m 




35 


1 

0.5 

0.18 

0.8 

0.95 

10 











■ 




30 


50 

1 

0.6 


1.5 

50 








2N3244 

TO-39 

40 

40 

5 

50 

30 

25 


750 

5 

0.3 


1.1 

150 

25 

175 

50 

185 


(Note 4) 

70 








50 

150 

500 

1 



















60 


150 

1 

0.5 

0.75 

1.5 

500 








2N3245 

TO-39 

50 

50 

5 

50 

50 

20 


1A 

5 

0.35 


1.1 

150 

25 

150 

50 

165 


(Note 4) 

70 








30 

90 

500 

1 

0.6 

0.75 

1.5 

500 















35 


150 

1 

1.2 


2 

1A 








2N3467 

TO-39 

40 

40 

5 

100 

30 

40 


1 

5 

0.3 


1.0 

150 

25 

175 

50 

90 


(Note 4) 

70 








40 

120 

500 

1 



















40 


150 

1 

0.5 

0.8 

1.2 

500 









0.5 


0.8 1.2 500 






















Cob 

^ Ic 

tOFF 

NF 

Test 

Process 

(pF) 

Max 

(MHz) @ ^ 

Min Max 

(nA) 

Max 

(dB) 

Max 

Conditions 

No. 



TN3467 TO-237 40 40 

(91) 


40 

150 

1 

0.3 

1.0 

150 

40 

120 500 

1 

0.5 

0.8 1.2 

500 

40 

1A 

5 

1.0 

1.6 

1A 


TEST CONDITIONS: 

Note 1: Ic = 30 mA, Vcc = 3V, Ib^ = 3 mA, \ qZ = 1.5 mA. 

Note 2: Ic = 30 mA, Vcc = 3V, Ib^ = Ib^ = 1.5 mA. 

Note 3: Ic = 30 mA, Vcc = 3V, Ib1 = Ib^ = 3 mA. 

Note 4: Ic = 500 mA, Vcc = 30V, Ib1 = Ib^ = 50 mA. 


Note 5: Ic = 10 mA, Vcc = 3V, Ib^ = Ib^ = 1 mA. 

Note 6: Ic = 10 mA, Vcc = 1-5V, IbI = Ib^ = 1 mA. 

Note 7: Ic = 10 mA, Vcc = 1-5V, Ifll = Ib^ = 500 ftA. 


Note 8: Ic = 10 mA, Vcc = 2V, Ib^ = Ib^ = 1 mA. 
Note 9: Ic = 50 mA, Vcc = 3V, Ib^ = Ib^ = 5 mA. 
Note 10: Ic = 1A, Vcc = 30V, Ib1 = Ib2 = 100 mA. 
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PNP Transistors 



^SS^UCtor Low Level Amplifiers 

Type 

No. 

Case 

Style 

VCBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

VCB 

Max ' ' 

hpE a Ic .VcE 
Min Max (mA) (V) 

VCE(SAT) VbE(SAT) , 

(V) & (V) 

Max Min Max ' ' 

Cob 

(PF) 

Max 

*T 1 

(MHz) @ J; 
Min Max 

*OFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N2605 

TO-46 

60 

45 

6 

10 45 

600 10 5 

150 0.5 5 

100 300 0.01 5 

0.5 0.7 0.9 

10 

■ 

6 30 

0.5 

3 

(Note 2) 

62 

2N3550 

TO-18 

60 

45 

8 

1 45 

800 10 5 

300 1 5 

250 0.1 5 

200 600 0.01 5 

125 0.001 5 

0.5 0.7 0.9 

5 

8 60 150 

1 

4 

(Note 1) 

62 

2N4058 

TO-92 

(94) 

30 

30 

6 

100 20 

100 400 0.1 5 

0.7 

10 



5 

(Note 3) 

62 

2N4059 

TO-92 

(94) 

30 

30 

6 

100 20 

45 660 1 5 

0.7 

10 





62 

2N4061 

TO-92 

(94) 

30 

30 

B 

100 20 


0.7 

10 





62 

2N4062 

TO-92 

(94) 

30 

30 

B 


180 660 1 5 

0.7 

10 





62 

2N4248 


Same as PN4248 

62 

2N4249 


SameasPN4249 

62 

2N4250 


Same as PN4250 

62 



Same as PN4250A 

62 

2N4288 

TO-92 

(94) 

30 

25 

6 

50 25 

75 10 5 

150 600 1 5 

100 0.1 5 

0.35 0.8 

8 

40 1 




62 

2N4289 


60 

45 

7 

10 45 

75 10 5 

150 600 1 5 

100 0.1 5 

0.35 0.8 1 

8 

40 1 


4 

(Note 1) 

62 

2N4964 


Same as MPSA70 

62 

2N4965 


Same as 2N5086 

62 

___I 































Low Level Amplifiers (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

VcB 

(nA)@ “ 

Max ' ' 

•’re @ Ic jVcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

^ Ic 

(MHz) @1; 

Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N5086 

TO-92 

(92) 



■ 

50 35 


0.3 10 

1 

40 0.5 


3 


62 

2N5087 

TO-92 

(92) 



■ 

50 35 

250 10 5 

250 1 5 

250 800 0.1 5 

0.3 10 

1 

40 0.5 


2 

(Note 4) 

62 

2N5227 

TO-92 

(92) 


11^1 

B 

100 10 


0.4 1.0 


5 100 

10 



62 

MPSA70 

TO-92 

(92) 

■ 

H 

B 

100 30 

40 400 5 10 

0.25 


BH 

5 



62 

MPS6523 


■ 

25 

B 

50 20 

300 600 2 10 

150 0.1 10 

0.5 

5 

4 




62 

PN4248 


40 

40 

5 

10 40 

50 0.1 5 

0.25 10 

10 

6 





62 

PN4249 

TO-92 

(92) 

60 

60 

5 

10 40 

100 300 0.1 5 

0.25 

10 

6 




62 

PN4250 

TO-92 

(92) 

40 

40 

5 

10 40 

250 700 0.1 5 

0.25 

10 

6 


2 

(Note 4) 

62 

PN4250A 

TO-92 

(92) 

60 

60 

5 

10 50 

250 700 0.1 5 

0.25 

10 

6 


2 

(Note 4) 

62 


TEST CONDITIONS: 

Note 1: Ic = 10 fiA, Vqe = 5V, f = 10 Hz-15.7 kHz. Note 3: Iq = 100 /lA, Vqe = 5V. f = 10 Hz-15.7 kHz. 

Note 2: Ic = 10 jLtA, VcE = 5V. f = 10 kHz. Note 4: Ic = 20 /liA, Vqe = 5V. f = 10 Hz-15.7 kHz. 
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PNP Transistors 



temiOOndUCtDr General Purpose Amplifiers and Switches 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

>CES* 

«CBO@Vcb 
( nA) (V) 
Max 

•>FE @ IC .VcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) I 

(V) & (V) @ c 

Max Min Max ^ ^ 

Cob 

(pF) 

Max 

Ic 

(MHz) @ 

Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N2904 

TO-5 

60 

40 

5 

20 50 

20 500 10 

40 120 150 10 

35 10 10 

25 1 10 

20 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

2N2904A 

TO-5 

60 

60 

5 

10 50 

40 500 10 

40 150 10 

40 10 10 

40 120 1 10 

40 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

2N2905 

also 

Avail. 

JAN/TX/V 

Versions 

TO-5 

60 

40 

5 

20 50 

30 500 10 

100 300 150 10 

75 10 10 

50 1 10 

35 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

2N2905A 

also 

Avail. 

JAN/TX/V 

Versions 

TO-5 

60 

60 

5 

10 50 

50 500 10 

100 300 150 10 

100 10 10 

100 1 10 

75 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

2N2906 

TO-18 

60 

40 

5 

20 50 

20 500 10 

40 120 150 10 

35 10 10 

25 1 10 

20 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 




General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CES* 

Icbo@Vcb 
( nA) (V) 
Max 

hpE @ Ic ^VCE 
Min Max (mA) (V) 

2N2906A 

TO-18 

60 

60 

5 

10 50 

40 500 10 

40 120 150 10 

40 10 10 

40 1 10 

40 0.1 10 

2N2907 

also 

Avail. 

JAN/TX/V 

Versions 

TO-18 

60 

40 

5 

20 50 

35 500 10 

100 300 150 10 

75 10 10 

50 1 10 

35 0.1 10 

2N2907A 

also 

Avail. 

JAN/TX/V 

Versions 

TO-18 

60 

60 

5 

10 50 

50 500 10 

100 300 150 10 

100 10 10 

100 1 10 

75 0.1 10 

2N3638 


Same asPN3638 

2N3638A 


Same as PN3638A 

2N3644 


Same as PN3644 

2N3645 


Same as PN3645 

2N3702 

TO-92 

(94) 

40 

25 

5 

100 20 

60 300 50 5 

2N3703 

TO-92 

(94) 

50 

30 

5 

100 20 

30 150 50 5 

2N4142 


Same as PN4142 

2N4143 


Same < 

as PN4143 



2N4290 

TO-92 

(94) 

30 

20 

5 

500 20 

50 300 100 10 

40 10 10 

20 0.1 10 

2N4291 

TO-92 

(94) 

40 

30 

6 

200 30 

100 300 100 10 

50 10 10 

30 0.1 10 


VCE(SAT) 
(V) & 
Max 

VbE(SAT) 
(V) @ 

Min Max 

•c 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

•c 

(mA) 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

0.4 

1.3 

150 

8 

200 

50 

100 


(Note 2) 

63 

1.6 

2.6 

500 








0.4 

1.3 

150 

8 

200 

50 

100 


(Note 2) 

63 

1.6 

2.6 

500 








0.4 

1.3 

150 

8 

200 

50 

100 


(Note 2) 

63 

1.6 

2.6 

500 









63 


63 


63 


63 

0.25 


50 

12 

100 

50 




63 

0.25 


50 

12 

100 

50 




63 


63 


63 

0.4 

1.5 

100 

10 

100 

10 




63 

0.4 

1.5 

100 

10 

100 

10 




63 
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PNP Transistors 


General Purpose Amplifiers and Switches (Continued) 


Type Case 
No. Style 


VcBO VcEO VebO 
(V) (V) (V) 

Min Min Min 


2N4402 TO-92 40 

(94) 


2N4403 I TO-92 40 


2N4971 

2N4972 



2N5143 


2N5221 

TO-92 

(92) 

2N5226 

TO-92 

(92) 

2N5354 

TO-92 


Same as PN2906 
Same as PN2907 
Same as PN5142 
Same as PN5143 


2N5355 

TO-92 

(94) 

2N5365 

TO-92 

(94) 

2N5366 

TO-92 

(94) 

2N5447 

TO-92 

(97) 

2N5817 

TO-92 


*CES* 

IcBO@Vcb hpE @ Ic .VcE 
(nA) (V) Min Max (mA) (V) 
Max 


VcE(SAT) Vbe(SAT) 
(V) A (V) @ 

Max Min Max 


20 


500 

2 

0.4 

0.7 

0.95 

150 

50 

150 

150 

2 





50 


10 

1 

0.75 


1.3 

500 

30 


1 

1 





20 


500 

2 





100 

300 

150 

2 

0.4 

0.75 

0.95 

150 

100 


10 

1 





60 


1 

1 

0.75 


1.3 

500 

30 


0.1 

1 






Cob 

(PF) 

Max 

Ic 

Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

10 

150 20 

255 


(Note 4) 

63 


15 3 

100 

10 

25 4 

300 

15 

25 4 

100 

25 

25 4 

100 

25 

40 4 

100 

40 

40 4 

100 

40 

25 5 


40 5 

100 

25 


30 

600 

50 

30 


10 

30 

600 

50 

25 


10 

40 

120 

50 

100 

300 

50 

20 


300 

40 

120 

50 

32 


2 

40 


300 

100 

300 

50 

80 


2 

60 

300 

50 

25 


500 

100 

200 

2 


1.1 

150 

15 

100 

20 

1.0 

100 

20 

50 

20 

50 

8 


50 

8 


1.1 

50 

8 



2.0 

200 




1.1 

50 

8 



2.0 

200 




50 

12 

100 

50 

1.2 

500 

15 

100 

50 
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General Puri 

pose Amplifiers and Switches (continued) 

Type 

No. 

Case 

Style 

VCBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

Icbo@Vcb 
( nA) (V) 
Max 

@ 'c a^cE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) @ c 

Max Min Max ^ 

Cob 

(PF) 

Max 

Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPQ2907 

TO-116 

60 

40 

5 

50 50 

75 10 10 

100 150 10 

50 300 10 

0.4 1.3 150 

1.6 2.6 300 

8 

200 20 




63 

MPS3638 

TO-92 

(92) 

Same as PN3638 

63 

MPS3638A 

TO-92 

(92) 

Same as PN3638A 

63 

MPS3644 

TO-92 

(92) 

Same as PN3644 

63 

MPS3645 

TO-92 

(92) 

Same as PN3645 

63 

MPS3702 

TO-92 

(92) 

40 

25 

5 

100 20 

60 300 50 5 

0.25 50 

12 

100 50 




63 

MPS3703 

TO-92 

(92) 

50 

30 

5 

100 20 

30 150 50 5 

0.25 50 

12 

100 50 




63 

MPS6533 

TO-92 

(92) 

40 

40 

4 

50 30 

25 500 10 

40 120 100 1 

30 10 1 

0.5 1.0 100 

6 





63 

MPS6534 

TO-92 

(92) 

40 

40 

4 

50 30 

50 500 10 

90 270 100 1 

60 10 1 

0.3 1.0 100 

6 





63 

MPS6535 

TO-92 

(92) 

30 

30 

4 

100 20 

30 100 1 

0.5 1.2 100 

6 





63 

PN2906 

TO-92 

(92) 

60 

40 

5 

20 50 

20 500 10 

40 120 150 10 

35 10 10 

25 1 10 

20 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 
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PNP Transistors 


General Purpose Amplifiers and Switches (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

hpE g, Ic ^VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

(MHz) @ .Jf.. 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

PN2906A 

TO-92 

(92) 

60 

60 

5 

10 50 

40 500 10 

40 120 150 10 

40 10 10 

40 1 10 

40 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

PN2907 

TO-92 

(92) 

60 

40 

5 

20 50 

30 500 10 

100 300 150 10 

75 10 10 

60 1 10 

35 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

PN2907A 

TO-92 

(92) 

60 

60 

5 

20 50 

50 500 10 

100 300 150 10 

100 10 10 

100 1 10 

75 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

PN3638 

TO-92 

(92) 

25 

25 

4 

35* 15 

20 300 2 

20 50 1 

30 10 10 

0.25 1.1 50 

1.0 0.8 2.0 300 

20 

100 50 

170 


(Note 1) 

63 

PN3836A 

TO-92 

(92) 

25 

25 

4 

25* 15 

20 300 2 

100 50 1 

100 10 10 

80 1 10 

0.25 1.1 50 

1/0 0.8 2.0 300 

10 

150 50 

170 


(Note 1) 

63 

PN3644 

TO-92 

(92) 

45 

45 

5 

35* 30 

20 300 2 

100 300 150 10 

80 240 50 1 

100 10 10 

80 1 10 

40 0.1 10 

0.25 1.0 50 

0.4 1.3 150 

1.0 0.8 2.0 300 

8 

200 20 

100 


(Note 4) 

63 

PN3645 

TO-92 

(92) 

60 

60 

5 


20 300 2 

100 300 150 10 

80 240 50 1 

100 10 10 

80 1 10 

40 0.1 10 

0.25 1.0 50 

0.4 1.3 150 

1.0 0.8 2.0 300 

8 

200 20 

100 


(Note 4) 

63 











VcE(SAT) Vbe(SAT) . 

r * M- ® (-"A) 

Max Min Max 

Cob 

(PF) 

Max 

Ic 

(MHz) @ J 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 12) 

63 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 12) 

63 

0.5 1.5 50 

0.2 0.8 2.5 300 

10 

100 50 


■ 


63 


10 

100 50 

200 


(Note 1) 

63 

0.25 0.6 1.0 50 






63 


■ 





63 

0.25 50 



■ 

■ 


63 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 
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4-14 


PNP Transistors 


General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

hpE @ Ic .VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

(MHz) @ .. 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

TN2905A 

TO-237 

(91) 

60 

60 

5 

10 50 

50 500 10 

100 300 150 10 

100 10 10 

100 1 10 

75 0.1 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 2) 

63 

2N3905 

TO-92 

(92) 

40 

40 

5 


15 100 1 

30 50 1 

50 150 10 1 

40 1 1 

30 0.1 1 

0.25 0.65 0.85 10 

0.4 0.95 50 

4.5 

200 10 

260 

5 

(Notes 5,8) 

66 

2N3906 

TO-92 

(92) 

40 

40 

5 


30 100 1 

80 50 1 

100 300 10 1 

80 1 1 

60 0.1 1 

0.25 0.65 0.85 10 

0.4 0.95 50 

4.5 

250 10 

300 

4 

(Notes 5,8) 

66 

2N4121 


Same as PN4121 

66 

2N4122 


Same as PN4122 

66 

2N4125 

TO-92 

(92) 

30 

30 

4 

50 20 

25 50 1 

50 150 2 1 

0.4 0.95 50 

4.5 

200 10 


5 

(Note 8) 

66 

2N4126 

TO-92 

(92) 

25 

25 

4 

50 20 

60 50 1 

120 360 2 1 

0.4 0.95 50 

4.5 

250 10 


4 

(Note 8) 

66 

2N4916 


SameasPN4916 

66 

2N4917 


SameasPN4917 

66 

2N5138 


SameasPN5138 

66 

2N5139 


SameasPN5139 

66 

MPQ3906 


60 

40 

6 

50 30 

40 0.1 1 

60 1 1 

75 10 1 

0.25 0.85 10 

4.5 





66 
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General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

'’FE @ 'C jVcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) @ 

Max Min Max ^ 

Cob 

(PF) 

Max 

(MHz) @ C 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPQ6700 

TO-116 

40 

40 

5 

50 30 

30 0.1 

50 1 

70 10 

0.25 0.9 10 

4.5 

200 10 




66 (2) 

23 (2) 

MPS3905 

TO-92 

(92) 

40 

40 

5 


30 0.1 1 

40 1 1 

50 150 10 1 

30 50 1 

15 100 1 

0.25 0.65 0.85 10 

0.4 0.95 50 

4.5 

200 10 


5 

(Note 8) 

66 

MPS3906 

TO-92 

(92) 

40 

40 

5 


60 0.1 1 

80 1 1 

100 300 10 1 

60 50 1 

30 100 1 

0.25 0.65 0.85 10 

0.4 0.95 50 

4.5 

250 10 


4 

(Note 8) 

66 

MPS6516 

TO-92 

(92) 

40 

40 

4 

50 30 

30 100 10 

50 100 2 10 

0.5 50 

4 





66 

MPS6517 

■SB 



■ 

50 30 

60 100 10 

90 180 2 10 

0.5 50 

4 





66 

MPS6518 




■ 

500 30 

90 100 10 

150 300 2 10 

0.5 50 

4 






PN3251 




1 


80 0.1 1 

90 0.001 1 

100 300 10 1 

30 50 1 

0.25 0.6 0.9 10 

0.5 1.2 50 

6 

300 10 

1 




PN4121 

TO-92 

(92) 

40 

40 

5 

25* 30 

15 50 1 

70 200 10 1 

60 1 1 

40 0.1 1 

0.13 0.75 1 

0.14 0.7 0.9 10 

0.3 1.1 50 

4.5 

400 10 

150 

4 

(Notes 11,8) 

66 

PN4122 

_ 

TO-92 

(92) 

40 

40 

5 

25* 30 

30 50 1 

150 300 10 1 

150 1 1 

100 0.1 1 

0.13 0.75 1 

0.14 0.7 0.9 10 

0.3 1.1 50 

4.5 

450 10 

150 

4 

(Notes 11,8) 

66 
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PNP Transistors 


General Purpose Amplifiers and Switches (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

PN4916 

TO-92 

30 

30 

5 


(92) 





PN4917 TO-92 30 

(92) 


PN5138 TO-92 30 

(92) 

PN5139 TO-92 20 

(92) 


ST3906 TO-92 40 

(92) 


(nA) (V) Min Max (mA) (V) 

Max _ 

25* 15 15 200 50 1 

70 10 1 

60 1 1 

_40_ 0.1 1 

25* 15 30 50 1 

150 300 10 1 

150 1 1 

100 0.1 1 


50 20 50 

50 


50 800 0.1 10 


15 15 

40 


50 10 

10 1 
1 10 
0.1 10 


(pF) (MHz) @ 
Max Min Max 


(V) & (V) @ ^ 

Max Min Max ' ' 

0.13 0.75 1 

0.14 0.7 0.9 10 

0.3 0.75 1.1 50 


0.75 1 4.5 450 

0.7 0.9 10 

0.75 1.1 50 


0.3 


1.0 

10 

0.2 

0.7 

1.0 

10 

0.5 

0.75 

1.25 

50 

0.25 

0.65 

0.85 

10 

0.4 


0.95 

50 


toFF NF 
(ns) (dB) 


Test 

Conditions 

(Notes 13, 8) 


(Notes 13, 8) 


(Note 13) 


Process 

No. 


100 300 10 1 



2N6076 

TO-92 

(94) 

25 

25 

5 

100 25 

100 300 10 10 

0.25 0.8 10 






68 


MPQ200 

TO-116 

60 

45 

6 

50 50 

80 0.1 1 

100 450 10 1 

100 100 1 

100 350 150 5 

0.2 0.85 10 

0.4 1.0 200 

6 

250 20 


4 

(Note 8) 

68 


PN200 

TO-92 

(92) 

60 

45 

6 

50 50 

80 0.1 1 

100 450 10 1 

100 100 1 

0.2 0.85 10 

0.4 1.0 200 

6 

250 20 


4 

(Note 8) 

68 


100 350 150 
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General Purpose Amplifiers and Switches (Continued) 


Type Case 
No. Style 


PN200A TO-92 60 


VcBO 

(V) 

VcEO 

(V) 

VeBO 

(V) 

•CES* 

ICBO @ VcB 
(nA) (V) 

\ 

Min 

Min 

Min 

Min 

Max 


60 

45 

6 

50 50 

300 


^CE(SAT) Vbe(SAT) , Cqb 


(V) @ 

Min Max 


, toFF NF Process 

(pF) (MHz) @ , 'I, (ns) (dB) _ 

« mm ' ' Conditions No. 

Max Mm Max Max Max 



MPSL51 

TO-92 

(92) 

100 

100 

4 

1 julA 

50 

PN4888 

TO-92 

(92) 

150 

150 

6 

50 

100 

PN4889 

TO-92 

150 

150 

6 

10 

100 


TEST CONDITIONS: 

Note 1: Ic = 300 mA, Vcc = 10V, Ib'' = Ib^ = 30 mA. 
Note 2: Ic = 150 mA, Vcc = 6V, Ib1 = Ib^ = 15 mA. 
Note 3: Ic = 300 mA, Vcc = 15V, Ib'' = Ib^ = 30 mA. 
Note 4: Ic = 300 mA, Vcc = 30V, Ib^ = Ib^ = 30 mA. 
Note 5: Ic = 10 mA, Vcc = 3V, Ib^ = Ib^ = 1 mA. 
Note 6: Ic = 100 fxA, Vce = 5V, f = 100 Hz. 


1.0 

10 

6 

100 

400 

10 

1.0 

50 





1.0 

10 

6 

100 

300 

10 

1.0 

50 





1.2 

10 

8 

60 


10 

1.2 

50 





0.9 

10 

4 

30 


60 

0.9 

10 

4 

40 

160 

1 


Note 7: Ic = 30 /lA, Vce = 5V. f = 1 kHz. 

Note 8: Ic = 100 jmA, Vce = 5V, f = 1 kHz. 

Note 9: Ic = 250 #iA, Vce = 5V, f = 1 kHz. 

Note 10: Ic = 10 ^lA. Vce = 5V, f = 1 kHz. 

Note 11: Ic = 50 mA. Vcc = 30V, Ib^ = Ib^ = 5 mA. 

Note 12: Ic = 150 mA, Vcc = 30V, Ifil = Ib^ = 15 mA. 


{Note 9) 


4 (Note 15) 

10 (Note 16) 

3 (Note 17) 

3 (Note 18) 


Note 13: Ic = 50 mA, Vcc = 10V, Ib^ = Ib^ = 5 mA. 

Note 14: Ic = 500 mA, Vcc = 30V, Ib1 = Ib^ = 50 mA. 

Note 15: Ic = 100 fxA, Vcc = 10V, f = 1 kHz. 

Note 16: Ic = 200 jxA, Vce = 5V, f = 1 kHz. 

Note 17: Ic/Ib = 40. 

Note 18: Ic/Ib == 20. 
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PNP Transistors 




slmlS^UCtor Medium Power 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

»CES* 

IC30 @ VcB 
(nA) (V) 
Max 

hpE g, Ic .VcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

(V) & (V) @ .J;. 

Max Min Max ^ 

Cob 

(PF) 

Max 

Min Max ' 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N4030 




5 

50 50 

15 1A 5 

25 500 5 

40 100 5 

30 120 0.1 5 

1.0 1A 

0.5 500 

0.15 0.9 150 

20 


400 



67 

2N4031 



80 

5 


10 1A 5 

25 500 5 

40 120 100 5 

30 0.1 5 

0.5 500 

0.15 0.9 150 

20 


400 



67 

2N4032 

TO-39 


60 

5 

50 50 

40 1A 5 

70 500 5 

100 300 100 5 

75 0.1 5 

1.0 1A 

0.5 500 

0.15 0.9 150 

20 


400 



67 

2N4033 

also 

Avail. 

JAN/TX/V 

Versions 

TO-39 


80 

5 

50 60 

25 1A 5 

70 500 5 

100 300 100 5 

75 0.1 5 

0.5 500 

0.15 0.9 150 

20 


400 



67 

2N4036 

TO-39 


85 

■ 



0.6 1.4 150 

30 

60 50 

700 



67 

2N4037 

TO-39 



■ 



1.4 150 

30 

60 50 




67 

2N4314 

TO-39 



■ 

n 


1.4 150 






67 

2N4354 


Same as PN4354 

67 

2N4355 


SameasPN4355 

67 

2N4356 


Same as PN4356 

67 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

hpE @ Ic ^VCE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ' ' 

Cob 

(PF) 

Max 

Ic 

(MHz) @ J 
Min Max ^ 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MPSA55 

TO-92 

(92) 


60 

4 

100 60 

50 100 1 

50 10 1 

0.25 100 


50 100 




67 

MPSA56 

TO-92 

(92) 


80 

4 

100 80 

50 100 1 

50 10 1 

0.25 100 


50 100 




67 

MPS4354 

TO-92 

(92) 

Same as PN4354 

67 

MPS4355 

TO-92 

(92) 

Same as PN4355 

67 

MPS4356 

TO-92 

(92) 

Same as PN4356 

67 

MPS6562 

TO-92 

(92) 

25 

25 

5 

100 20 

50 200 500 1 

50 100 1 

35 10 1 

0.5 500 

30 

60 10 




67 

PN4354 

TO-92 

(92) 

60 

1 

5 

50 50 

30 500 10 

40 100 10 

50 500 10 10 

40 1 10 

25 0.1 10 

0.15 0.9 150 

0.5 1.1 500 

30 

100 500 50 

400 

3 

14/15 

67 

PN4355 

TO-92 

(92) 

60 

1 

5 

50 50 

75 500 10 

75 100 10 

100 400 10 10 

75 1 10 

60 0.1 10 

0.15 0.9 150 

0.5 1.1 500 

30 

100 500 50 

400 

3 

14/15 

67 

PN4356 

TO-92 

(92) 

80 

80 

5 

50 50 

30 500 10 

40 100 10 

50 250 10 10 

40 1 10 

25 0.1 10 

0.15 0.9 150 

0.5 1.1 500 

30 

100 500 50 

400 

3 

14/15 

67 

PN5855 

TO-92 

(92) 

60 

60 

5 

100 40 

50 300 150 10 

50 10 10 

50 500 10 

15 1A 10 

0.4 1.3 15 

15 

100 50 


4 


67 
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. VCE 
(V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ' ^ 

Cob 

(PF) 

Max 


10 

10 

10 

10 

0.4 1.3 15 

15 


5 

5 

5 

5 

0.15 0.9 150 

0.5 500 

20 


10 

10 

10 

0.65 1.4 150 

30 


10 

10 

1.4 150 

30 


10 

10 

1.4 150 

30 


10 

10 

10 

0.5 0.9 20 

6 

- 

10 

10 

10 

0.4 0.9 20 

8 

10 

10 

10 

0.5 0.9 20 

6 

1 

1 

1 

0.5 1A 


1 

1 

1 

0.5 1A 



1 

1 

1 


0.5 


1A 


30 
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Medium Power (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

Icbo@Vcb 
( nA) (V) 
Max 

hpE @ Ic «VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) I 

(V) & (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

1 

(MHz) @ C 
Min Max ^ 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

92PU51A 

TO-237 

(91) 


40 


100 50 

50 1A 1 

60 100 1 

55 10 1 

0.5 1A 

30 

80 50 




77 

NSD202 

TO-202 

(55) 

60 

45 

5 

100 60 

25 1A 5 

40 500 5 

50 150 100 5 

40 10 5 

0.2 0.9 100 

0.4 1.2 500 

30 

60 50 




77 

NSD203 

TO-202 

(55) 

60 

45 

5 

100 60 

30 1A 5 

50 500 5 

120 360 100 5 

50 10 5 

0.2 0.9 100 

0.4 1.2 500 

30 

60 50 




77 

NSDU51 

TO-202 

(55) 

40 

30 

5 

100 30 

50 1A 1 

60 100 1 

55 10 1 

0.7 1A 

30 

50 50 




77 

NSDU51A 

TO-202 

(85) 

50 

40 

5 

100 40 

50 1A 1 

60 100 1 

55 10 1 

0.7 1A 

30 

50 50 




77 

D41D1 

TO-202 

(55) 


30 


100=^ 45 

10 1A 2 

50 150 100 2 

0.5 1.5 500 






78 

D41D2 

TO-202 

(55) 


30 


100* 45 

20 1A 2 

120 300 100 2 

0.5 1.5 500 






78 

D41D4 

TO-202 

(55) 


45 

! 


100* 60 

10 1A 2 

50 150 100 2 

0.5 1.5 500 






78 

D41D5 

TO-202 

(55) 


45 


100* 60 

20 1A 2 

120 360 100 2 

0.5 1.5 500 






78 

D41D7 

TO-202 

(55) 


60 


100* 75 

10 1A 2 

50 150 100 2 

1.0 1.5 500 






78 

D41D8 

TO-202 

(55) 


60 


100* 75 

20 1A 2 

120 360 100 2 

1.0 1.5 500 






78 

D41D10 

TO-202 

(55) 


75 


100* 90 

10 1A 2 

50 150 100 2 

1.0 1.5 500 






78 
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PNP Transistors 


Medium Power (Continued) 


Type 

No. 

Case 

Style 

VCBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

Icbo@Vcb 
( nA) (V) 
Max 

hFE @ IC j,VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

fT , 

(MHz) @ . If.. 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

D41D11 

TO-202 

(55) 


75 


100* 90 

20 1A 2 

120 360 100 2 

1.0 1.5 500 






78 

D41D13 

TO-202 

(55) 


75 


100* 90 

50 150 100 2 

1.0 1.5 500 






78 

D41D14 

TO-202 

(55) 


75 


100* 90 

120 360 100 2 

1.0 1.5 500 






78 

D41E1 

TO-202 

(55) 


30 


100* 40 

10 1A 2 

50 100 2 

1.0 1.3 1A 






78 

D41E5 

TO-202 

(55) 


60 


100* 70 

10 1A 2 

50 100 2 

1.0 1.3 1A 






78 

D41E7 


■ 

80 



10 1A 2 

50 100 2 

1.0 1.3 1A 



■ 

■ 



NSDU52 

TO-202 

(55) 

60 

40 

5 

100 40 

30 500 10 

50 300 150 10 

50 10 10 

0.4 1.3 150 

20 

150 20 

■ 

■ 



2N6554 


60 

60 

5 

100 40 

25 500 1 

60 250 1 

80 300 50 1 

80 10 1 

1.0 1A 

0.5 250 

18 

75 250 100 

1 

1 



2N6555 

TO-202 

(55) 

60 

60 

5 

100 60 

25 500 1 

60 250 1 

80 300 50 1 

60 10 1 

1.0 1A 

0.8 250 

18 

78 250 100 

1 

1 

1 


■ 


100 

100 

5 

100 80 

25 500 1 

60 250 1 

80 300 50 1 

60 10 1 

1.0 1A 

0.5 250 

18 

75 250 100 


1 


78 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

■CBO @ VcB 
(nA) (V) 
Max 

hpE @ Ic ^VCE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

fr 1 

(MHz) @ ^ 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

2N6706 

TO-237 

(90) 

60 

45 

5 

100 60 

40 50 2 

40 250 250 2 

25 500 2 

1.0 1A 

0.5 500 


50 50 




78 

2N6709 

TO-237 

(90) 

80 

60 

5 

100 80 

40 50 2 

40 250 250 2 

25 500 2 

1.0 1A 

0.5 500 


50 50 




78 

2N6710 

TO-237 

(90) 

100 


■ 



1.0 1A 

0.5 500 

1 

50 50 

■ 

■ 



MPS6727 

TO-92 

(99) 

50 

40 

H 



0.5 1.2 1A 

30 





78 

NSD6180 

TO-202 

(55) 


75 


500 80 

10 1A 2 

40 250 500 2 

30 50 2 

0.5 1.2 500 

30 



1 


78 

NSD6181 

TO-202 

(55) 


50 


500 60 


0.5 1.2 500 

30 

50 50 


1 



NSDU55 

TO-202 

(55) 

60 

60 

4 

100 60 


0.35 250 

30 



1 



PE8550 

TO-92 

(92) 





50 200 10 1 

65 200 100 1 

65 200 500 1 

40 200 1A 1 

0.15 0.9 200 

0.5 1.2 1A 






78 

TN4234 

TO-237 

(91) 

40 

40 

7 

0.1 mA 40 

40 100 1 

30 150 250 1 

20 500 1 

10 1A 1 

0.6 1.5 1A 

100 





78 

TN4235 

TO-237 

(91) 

60 

60 

7 

0.1 mA 60 

40 100 1 

30 150 250 1 

20 500 1 

10 1A 1 

0.6 1.5 1A 

100 





78 
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PNP Transistors 


Medium Power (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@ VcB 
(nA) (V) 
Max 

hpE @ Ic jVcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) @ 

Max Min Max ^ 

Cob 

(PF) 

Max 

1 

(MHz) @ C 
Min Max ^ 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

TN4236 

TO-237 

(91) 

80 

80 

7 

0.1 mA 80 

40 100 1 

30 150 250 1 

20 500 1 

10 1A 1 

0.6 1.5 1A 

100 





78 

2N6728 

TO-237 

(91) 

60 

60 

5 

100 40 

80 50 1 

50 250 250 1 

20 500 1 

0.35 250 


50 50 




79 

2N6729 

TO-237 

(91) 

80 

80 

5 

100 60 

80 50 1 

50 250 250 1 

20 500 1 

0.35 250 


50 50 




79 

2N6730 

TO-237 

(91) 

100 

100 

5 

100 80 

80 50 1 

50 250 250 1 

20 500 1 

0.35 250 


50 50 




79 

2N6732 

TO-237 

(91) 

100 

80 

5 

100 80 

100 10 2 

100 300 350 2 

0.35 350 


50 50 




79 

92PU55 

TO-237 

(91) 


60 


100 40 

20 500 1 

50 250 1 

80 50 1 

0.35 250 

30 

50 200 




79 

92PU56 

TO-237 

(91) 


80 


100 60 

20 500 1 

50 250 1 

80 50 1 

0.35 250 

30 

50 200 




79 

92PU57 

TO-237 

(91) 


100 


100 80 

20 500 1 

50 250 1 

80 50 1 

0.35 250 

30 

50 200 




79 

NSD204 

TO-202 

(55) 

100 

80 

7 

100 100 

10 1A 5 

50 150 100 5 

20 10 5 

0.2 0.9 100 

0.5 1.2 500 

30 

60 50 

■ 

■ 


79 

NSD205 

TO-202 

(55) 

100 

80 

7 

100 100 

10 1A 5 

120 360 100 5 

20 10 5 

0.2 0.9 100 

0.5 1.2 500 

30 

60 50 

■ 

■ 


79 
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Medium Power (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CES* 

iCBO @ VcB 
(nA) (V) 
Max 

hpE @ Ic J,VCE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) , 

(V) & (V) @ ^ 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

Ic 

(MHz) @ C 
Min Max 

tOFF 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

NSD206 

TO-202 

(55) 

140 

100 

7 

100 140 

25 500 5 

50 150 100 5 

20 10 5 

0.2 0.9 100 

0.5 1.2 500 

30 

60 50 




79 

NSDU56 

TO-202 

(55) 

80 

80 

4 

100 80 

20 500 1 

50 250 1 

80 50 1 

0.35 250 

30 

50 200 




79 





4 

100 100 

20 500 1 

50 250 1 

80 50 1 

0.35 250 






79 


TEST CONDITIONS: 

Note 1; Ic = 50 mA, Vcc = 100V. Ib1 = Ib^ = 5 mA. 

Note 2: Ic = 500 juiA. Vqe = 10V, f = 1 kHz. 

Note 3: Iq = 500 mA. Ib1 = Ib^ = 50 mA. 

Note 4: Ic = 150 mA, Vcc = 30V, Ib1 = Ib^ = 15 mA. 


Note 5: Ic = 100 juA. Vcc = 10V, f = 1 kHz. 

Note 6: Ic = 500 mA. Vcc = 30V, Ib1 = Ib^ = 50 mA. 
Note 7: Ic/Ib = 8. 
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National 

Semiconductor 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCES* 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 
'CEX^ @ 
(mA) 
Max 

VcB 

(V) 

'’re « 

Min Max 

D41K1 

TO-202 

(55) 


30* 

13 

0.5 

30 

10,000 

1000 

D41K2 

TO-202 

(55) 


50* 

13 

0.5 

50 

10,000 

1000 

D41K3 

TO-202 

(55) 


30* 

13 

0.5 

30 

10,000 

1000 

D41K4 

TO-202 

(55) 


50* 

13 

0.5 

50 

10,000 

1000 

MPSA62 

TO-92 

(92) 


20* 


0.1 

15 

20,000 

MPSA63 

TO-92 

(92) 


30* 


0.1 

30 

10,000 

5000 

MPSA64 

TO-92 

(92) 


30* 


0.1 

30 

20,000 

10,000 

MPSA65 

TO-92 

(92) 


30* 


0.1 

30 

50,000 

20,000 

MPSA66 

TO-92 

(92) 


b 

CO 


0.1 

30 

75,000 

40,000 

MPSW63 

TO-226 

(99) 


30* 


0.1 

30 

10,000 

5000 


TO-116 


30* 


0.1 

30 

10,000 

5000 


TO-202 

(55) 

50 

■ 

10 


25,000 

15,000 

4000 

NSDU95A 

TO-202 

(55) 

60 

1 

10 


25,000 

15,000 

4000 


PNP Transistors 


Darlington Transistors 


Ic 4 VcE 
(A) (V) 

VCE(SAT Vbe(SAT) , 

(V) & (V) @ c 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

Ic 

(MHz) @ C 
Min Max ' ' 

Process 

No. 

0.2 5 

1.5 5 

1.5 2.5 1.5 


100 0.02 

61 

0.2 5 

1.5 5 

1.5 2.5 1.5 


100 0.02 

61 

0.2 5 

1.5 5 

1.5 2.5 1 


100 0.02 

61 

0.2 5 

1.5 5 

1.5 2.5 1 


100 0.02 

61 

10 5 

1.0 10 


0.01 

61 

100 5 

10 5 

1.5 100 


125 0.01 

61 

100 5 

10 5 

1.5 100 


125 0.01 

61 

0.01 5 

0.1 5 

1.5 


100 0.01 

61 

0.01 5 

0.1 5 

1.5 


100 0.01 

61 

100 5 

10 5 

1.5 100 


125 0.01 

61 

100 5 

10 5 

1.5 100 


125 0.01 

61 

0.2 5 

0.5 5 

1 5 

1.5 1 


50 0.02 

61 


1.5 1 

■ 

50 0.02 











Section 5 

JFET Transistors 




Section 5 Contents 

N-CHANNEL JFETS 

Switches and Choppers. 5-3 

RF, VHF, UHF Amplifiers. 5-5 

Low Frequency-Low Noise Amplifiers. 5-7 

Ultra Low Input Current Amplifiers. 5-8 

General Purpose Amplifiers. 5-9 

General Purpose Dual JFETs. 5-12 

Low Frequency-Low Noise Dual JFETs. 5-14 

Wide Band-Low Noise Dual JFETs. 5-15 

Low Leakage-High CMRR-Wide Band Dual JFETs. 5-16 

Ultra Low Leakage Dual JFETs. 5-17 

P-CHANNEL JFETS 

Switches. 5-18 

Amplifiers. 5-19 


5-2 
















National 

Semiconductor 


N-Channel JFETs 


Switches/Choppers 


Type Case 
No. Style 

BVqss 

BVqdO 

(V)@Ig 
M in (juiA) 

■gss 
* iDGO 
(nA) @ Vdg 
M ax (V) 

iD(off) 
(nA) @ Vds 
M ax (V) 

Vgs 

(V) 

Vp 

(V) @ Vds 
M in Max(V) 

Id 

(nA) 

loss 

(mA) @ Vds 
M in Max(V) 

■‘ds(on) 

(H) @ Id 
M ax (mA) 

Cjss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

Crss 
(pF) @ Vds 
M ax (V) 

Vgs (ns) (ns) 
(V) Max Max 

Process Pkg. 
No. No. 

2N3824 TO-72 

50 

1 

0.1 

30 

0.1 

15 

-8 


8 

15 

0.1 




250 


6 

15 

0 

3 

0 

-8 


55 

25 

2N3966 TO-72 

30 

1 

1 

20 

0.1 

10 

-7 

4 

6 

10 

10 

2 


20 

220 


6 

20 

0 

1.5 

0 

-7 


50 

25 

2N3970 TO-18 

40 

1 

0.25* 

20 

0.25 

20 

-12 

4 

10 

20 

1 

50 

150 

20 

30 

1 

25 

20 

0 

6 

0 

-12 20 

30 

51 

02 

2N3971 TO-18 

40 

1 

0.25* 

20 

0.25 

20 

-12 

2 

5 

20 

1 

25 

75 

20 

60 

1 

25 

20 

0 

6 

0 

-12 

60 

51 

02 

2N3972 TO-18 

40 

1 

0.25* 

20 

0.25 

20 

-12 

0.5 

3 

20 

1 

5 

30 

20 

100 

1 

25 

20 

0 

6 

0 

-12 80 

100 

51 

02 

2N4091 TO-18 

40 

1 

0.2* 

20 

0.2 

20 

-12 

5 

10 

20 

1 

30 


20 

30 

1 

16 

20 

0 

5 

0 

-20 25 

40 

51 

02 

2N4092 TO-18 

40 

1 

0.2* 

20 

0.2 

20 

-8 

2 

7 

20 

1 

15 


20 

50 

1 

16 

20 

0 

5 

0 

-20 35 

60 

51 

02 

2N4093 TO-18 

40 

1 

0.2* 

20 

0.2 

20 

-6 

1 

5 

20 

1 

8 


20 

80 

1 

16 

20 

0 

5 

0 

-20 60 

80 

51 

02 

2N4391 TO-18 

40 

1 

0.1 

20 

0.1 

20 

-12 

4 

10 

20 

1 

50 

150 

20 

30 

1 

14 

20 

0 

3.5 

0 

-12 20 

35 

51 

02 

2N4392 TO-18 

40 

1 

0.1 

20 

0.1 

20 

-7 

2 

5 

20 

1 

25 

75 

20 

60 

1 

14 

20 

0 

3.5 

0 

-7 20 

55 

51 

02 

2N4393 TO-18 

40 

1 

0.1 

20 

0.1 

20 

-5 

0.5 

3 

20 

1 

5 

30 

20 

100 

1 

14 

20 

0 

3.5 

0 

-5 20 

80 

51 

02 

2N4856 TO~18 

40 

1 

0.25 

20 

0.25 

15 

-10 

4 

10 

15 

0.5 

50 


15 

25 


18 

0 

-10 

8 

0 

-10 9 

25 

51 

02 

2N4856A TO-18 

40 

1 

0.25 

20 

0.25 

15 

-10 

4 

10 

15 

0.5 

50 


15 

25 


10 

0 

-10 

4 

0 

-10 9 

20 

51 

02 

2N4857 TO-18 

40 

1 

0.25 

20 

0.25 

15 

-10 

2 

6 

15 

0.5 

20 

100 

15 

40 


18 

0 

-10 

8 

0 

-10 10 

50 

51 

02 

2N4857A TO-18 

40 

1 

0.25 

20 

0.25 

15 

-10 

2 

6 

15 

0.5 

20 

100 

15 

40 


10 

0 

-10 

3.5 

0 

-10 10 

40 

51 

02 

2N4858 TO-18 

40 

1 

0.25 

20 

0.25 

15 

-10 

0.8 

4 

15 

0.5 

8 

80 

15 

60 


18 

0 

-10 

8 

0 

-10 20 

100 

51 

02 

2N4858A TO-18 

40 

1 

0.25 

20 

0.25 

15 

-10 

0.8 

4 

15 

0.5 

8 

80 

15 

60 


10 

0 

-10 

3.5 

0 

-10 16 

80 

51 

02 

2N4859 TO-18 

30 

1 

0.25 

15 

0.25 

15 

-10 

4 

10 

15 

0.5 

50 


15 

25 


18 

0 

-10 

8 

0 

-10 9 

25 

51 

02 

2N4859A TO-18 

30 

1 

0.25 

15 

0.25 

15 

-10 

4 

10 

15 

0.5 

50 


15 

25 


10 

0 

-10 

4 

0 

-10 8 

20 

51 

02 

2N4860 TO-18 

30 

1 

0.25 

15 

0.25 

15 

-10 

2 

6 

15 

0.5 

20 

100 

15 

40 


18 

0 

-10 

8 

0 

-10 10 

50 

51 

02 

2N4860A TO-18 

30 

1 

0.25 

15 

0.25 

15 

-10 

2 

6 

15 

0.5 

20 

100 

15 

40 


10 

0 

-10 

3.5 

0 

-10 10 

40 

51 

02 

2N4861 TO-18 

30 

1 

0.25 

15 

0.25 

15 

-10 0.8 

4 

15 

0.5 

8 

80 

15 

60 


18 

0 

-10 

8 

0 

-10 20 

100 

51 

02 

2N4861ATO-18 

30 

1 

0.25 

15 

0.25 

15 

-10 

0.8 

4 

15 

0.5 

8 

80 

15 

60 


10 

0 

-10 

3.5 

0 

-10 16 

80 

51 

02 

2N5432 TO-52 

25 

1 

0.2 

15 

0.2 

5 

-10 

4 

10 

5 

3 

150 


15 

5 

10 

30 

0 

-10 

15 

0 

-10 5 

36 

58 

07 

2N5433 TO-52 

25 

1 

0.2 

15 

0.2 

5 

-10 

3 

9 

5 

3 

100 


15 

7 

10 

30 

0 

-10 

15 

0 

-10 5 

36 

58 

07 

2N5434 TO-52 

25 

1 

0.2 

15 

0.2 

5 

-10 

1 

4 

5 

3 

30 


15 

10 

10 

30 

0 

-10 

15 

0 

-10 5 

36 

58 

07 

2N5555 TO-92 

25 

10 

1 

15 

10 

12 

-10 


(10) 



15 


15 

150 


5 

15 

0 

1.2 

0 

-10 10 

25 

50 

92 

2N5638 TO-92 

30 

10 

1 

15 

1 

15 

-12 


(12) 



50 


20 

30 

1 

10 

0 

-12 

4 

0 

-12 


51 

92 

2N5639 TO-92 

30 

10 

1 

15 

1 

15 

-8 


(8) 



25 


20 

60 

1 

10 

0 

-12 

4 

0 

-8 


51 

92 

2N5640 TO-92 

30 

10 

1 

15 

1 

15 

-6 


(6) 



LA_ 


20 

100 

1 

10 

0 

-12 

4 

0 

-6 


51 

92 
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JFET Transistors 


Switches/Choppers (Continued) N-Channel JFETs 


Type 

No. 

Case 

Style 

BVqss 
BVqdO 
(V)@Ig 
M in (juA) 

Iqss 

*>DGO 
(nA) @ Vqg 
M ax (V) 

(fiA) 

Max 

iD(off) 

@ Vds 
(V) 

VgS 

(V) 

Vp 

(V)@Vds 
M in Max (V) 

Id 

(nA) 

loss 

(mA) @ Vds 
M in Max (V) 

'’ds(on) 

(ft) @ Id 
M ax (mA) 

Ciss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

Crss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

*on 

(ns) 

Max 

w 

(ns) 

Max 

Process 

No. 

Pkg. 

No. 

2N5653 

TO-92 

30 

10 

1 

15 

1 

15 

-12 


(12) 



40 


20 

50 

1 

10 

0 

-12 

3.5 

0 

-12 

9 

15 

51 

92 

2N5654 

TO-92 

25 

10 

1 

15 

10 

15 

-8 


(8) 



15 


20 

100 

1 

10 

0 

-12 

3.5 

0 

-8 

14 

30 

51 

92 

J105 

TO-92 

25 

1 

3 

15 

3 

5 

10 

4.5 

10 

5 

1000 

500 


15 

3 

33 









59 

92 

J106 

TO-92 

25 

1 

3 

15 

3 

5 

10 

2 

6 

5 

1000 

200 


15 

6 

17 









59 

92 

J107 

TO-92 

25 

1 

3 

15 

3 

5 

10 

0.5 

4.5 

5 

1000 

100 


15 

8 

13 









59 

92 

J108 

TO-92 

25 

1 

3 

15 

3 

5 

-10 

3 

10 

5 

1000 

80 


15 

8 

10 









58 

92 

J109 

TO-92 

25 

1 

3 

15 

3 

5 

-10 

2 

6 

5 

1000 

40 


15 

12 

10 









58 

92 

J110 

TO-92 

25 

1 

3 

15 

3 

5 

-10 

0.5 

4 

5 

1000 

10 


15 

18 

10 









58 

92 

J111 

TO-92 

35 

1 

1 

15 

1 

5 

-10 

3 

10 

5 

1000 

20 


15 

30 

1 









51 

92 

J112 

TO-92 

35 

1 

1 

15 

1 

5 

-10 

1 

5 

5 

1000 

5 


15 

50 

1 









51 

92 

J113 

TO-92 

35 

1 

1 

15 

1 

5 

-10 

0.5 

3 

5 

1000 

2 


15 

100 

1 









51 

92 

J114 

TO-92 

25 

1 

1 

15 

1 

5 

-10 

3 

10 

5 

1000 

15 


15 

150 

1 









90 

92 

PN4091 

TO-92 

40 

1 

0.2* 

20 

0.2 

20 

-12 

5 

10 

20 

1 

30 


20 

30 


16 

20 

0 

5 

20 

0 

25 

40 

51 

92 

PN4092 

TO-92 

40 

1 

0.2* 

20 

0.2 

20 

-8 

2 

7 

20 

1 

15 


20 

50 


16 

20 

0 

5 

20 

0 

35 

60 

51 

92 

PN4093 

TO-92 

40 

1 

0.2* 

20 

0.2 

20 

-6 

1 

5 

20 

1 

8 


20 

80 


16 

20 

0 

5 

20 

0 

60 

80 

51 

92 

PN4391 

TO-92 

40 

1 

0.1 

20 

0.1 

20 

-12 

4 

10 

20 

1 

50 

150 20 

30 


14 

20 

0 

3.5 

0 

-12 

20 

35 

51 

92 

PN4392 

TO-92 

40 

1 

0.1 

20 

0.1 

20 

-7 

2 

5 

20 

1 

25 

75 

20 

60 


14 

20 

0 

3.5 

0 

-7 

40 

80 

51 

92 

PN4393 

TO-92 

40 

1 

0.1 

20 

0.1 

20 

-5 

0.5 

3 

20 

1 

5 

30 

20 

100 


14 

20 

0 

3.5 

0 

-5 

55 

130 

51 

92 

PN4856 

TO-92 

40 

1 

0.25 

20 

0.25 

15 

-10 

4 

10 

15 

0.5 

50 


15 

25 


18 

0 

-10 

8 

0 

-10 

9 

25 

51 

92 

PN4857 

TO-92 

40 

1 

0.25 

20 

0.25 

15 

-10 

2 

6 

15 

0.5 

20 

100 15 

40 


18 

0 

-10 

8 

0 

-10 

10 

50 

51 

92 

PN4858 

TO-92 

la 




0.25 

15 

-10 

0.8 

4 

15 

0.5 

8 

80 

15 

60 


18 

0 

-10 




20 

fml 

51 

92 

PN4859 

TO-92 





0.25 

15 

-10 

4 

10 

15 

0.5 

50 


15 

25 


18 

0 

-10 




9 

25 

51 

92 

PN4860 

TO-92 





0.25 

15 

-10 

2 

6 

15 

0.5 

20 

100 

15 

40 


18 

0 

-10 




10 

50 

51 

92 

PN4861 

TO-92 





0.25 

15 

-10 

0.8 

4 

15 

0.5 

8 

80 

15 

60 


18 

0 

-10 




20 

iPin 

51 

92 

PN5432 

TO-92 

o 

mm 



0.2 

5 

-10 

4 

10 

5 

3 

150 


15 

5 

10 

30 

0 

-10 

15 

0 

-10 

5 

36 

58 

92 

PN5433 

TO-92 


■■ 



0.2 

5 

-10 

3 

9 

5 

3 

100 


15 

7 

10 

30 

0 

-10 

15 

0 

-10 

5 

36 

58 

92 

PN5434 

TO-92 


■■ 



0.2 

5 

-10 

1 

4 

5 

3 

30 


15 

10 

10 

30 

0 

-10 

15 

0 

-10 

5 

36 

58 

92 

TIS73 

TO-92 


■■ 



2 

15 

-10 

4 

10 

15 

4 

50 


15 

25 


18 

0 

-10 

8 

0 

-10 

9 

25 

51 

97 

TIS74 

TO-92 


mm 



2 

15 

-10 

2 

6 

15 

4 

20 

100 

15 

40 


18 

0 

-10 


0 

-10 

10 

50 

51 

97 

TIS75 

TO-92 


■■ 



2 

15 

-10 

0.8 

4 

15 

4 

8 

80 

15 

60 


18 

0 

-10 


0 

-10 



51 

97 

U1897 

TO-92 


■■ 






5 

10 

20 

1 

30 


20 

30 

1 

16 

20 

0 


0 

-20 

25 

40 

51 

92 

U1898 

TO-92 


■■ 






2 

7 

20 

1 

15 


20 

50 

1 

16 

20 

0 


0 

-20 

35 

60 

51 

92 

U1899 

TO-92 


■■ 

0.2* 

20 




1 

5 

20 

1 

8 


20 

80 

1 

16 

20 

0 


0 

-20 

60 

80 

51 

m 
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National 

Semiconductor 


N-Channel JFETs 


RF, VHF, UHF Amplifiers 


Type 

No. 

Case 

Style 

BVqss 
(V) @ Ig 
M in (jaA) 

less 

(nA) @ Vdg 
M ax (V) 

VP 

(V) @ Vds Id 
M in Max (V) (nA) 

loss 

(mA) @ Vds 

Min Max (V) 

RelYfsl 

(mmho) @ Freq. 
Min (MHz) 

Re(Yos) 
(jamho) @ f 
Max (MHz) 

(pF)C 

Max 

Cjss 

^Vds 

(V) 

Vgs 

(V) 

Crss 
(pF) @ Vds 
M ax (V) 

YgS 

(V) 

NF 

(dB) @ Rg = Ik 
Freq. 
Max (MHz) 

Process 

No. 

Pkg. 

No. 

2N3819 

TO-92 

25 

1 

2 

15 


8 

15 

2 

2 

20 

15 

1.6 

100 



8 

15 

0 

4 

15 

0 



50 

94 

2N3823 

TO-72 

30 

1 

0.5 

20 


8 

15 

0.5 

4 

20 

15 

3.2 

200 

200 

200 

6 

15 

0 

2 

15 

0 

2.5 

100 

50 

25 

2N4223 

TO-72 

30 

10 

0.25 

20 

0.1 

8 

15 0.25 

3 

18 

15 

2.7 

200 

200 

200 

6 

15 

0 

2 

15 

0 

5 

200 

50 

25 

2N4224 

TO-72 

30 

10 

0.5 

20 

0.1 

8 

15 

0.5 

2 

20 

15 

1.7 

200 

200 

200 

6 

15 

0 

2 

15 

0 



50 

25 

2N4416 

TO-72 

30 

1 

0.1 

20 


6 

15 

1 

5 

15 

15 

4 

400 

100 

400 

4 

15 

0 

0.8 

15 

0 

4 

400 

50 

25 

2N4416A 

TO-72 

35 

1 

0.1 

20 

2.5 

6 

15 

1 

5 

15 

15 

4 

400 

100 

400 

4 

15 

0 

0.8 

15 

0 

4 

400 

50 

25 

2N5078 

TO-72 

30 

1 

0.25 

20 

0.5 

8 

15 


4 

25 

15 

4 

200 

150 

200 

6 

15 

0 

2 

15 

0 

3 

200 

50 

25 

2N5245 

TO-92 

30 

1 

1 

20 

1 

6 

15 

10 

5 

15 

15 

4 

400 

100 

400 

4.5 

15 

0 

1 

15 

0 

4 

400 

90 

97 

2N5246 

TO-92 

30 

1 

1 

20 

0.5 

4 

15 

10 

1.5 

7 

15 

2.5 

400 

100 

400 

4.5 

15 

0 

1 

15 

0 



90 

97 

2N5247 

TO-92 

30 

1 

1 

20 

1.5 

8 

15 

10 

8 

24 

15 

4 

400 

150 

400 

4.5 

15 

0 

1 

15 

0 



90 

97 

2N5248 

TO-92 

30 

1 

5 

20 

1 

8 

15 

10 

4 

20 

15 

3 

200 

200 

200 

6 

15 

0 

2 

15 

0 



50 

94 

2N5397 

TO-72 

25 

1 

0.1 

15 

1 

6 

10 

1 

10 

30 

10 

5.5 

450 

200 

450 

5 

10 

10 mA 

1.2 

10 

10 mA 

3.5 

450 

90 

29 

2N5398 

TO-72 

25 

1 

0.1 

15 

1 

6 

10 

1 

5 

40 

10 

5.0 

450 

400 

450 

5.5 

10 

0 

1.3 

10 

0 

3.2 

450 

90 

29 

2N5484 

TO-92 

25 

1 

1 

20 

0.3 

3 

15 

10 

1 

5 

15 

2.5 

100 

75 

100 

5 

15 

0 

1 

15 

0 

3 

100 

50 

92 

2N5485 

TO-92 

25 

1 

1 

20 

1 

4 

15 

10 

4 

10 

15 

3 

400 

100 

400 

5 

15 

0 

1 

15 

0 

4 

400 

50 

92 

2N5486 

TO-92 

25 

1 

1 

20 

2 

6 

15 

10 

8 

20 

15 

3.5 

400 

100 

400 

5 

15 

0 

1 

15 

0 

4 

400 

50 

92 

2N5468 

TO-92 

25 

10 

2 

15 

0.2 

4 

14 

10 

1 

5 

15 

1 

100 

50 

100 

7 

15 

0 

3 

15 

0 

2.5 

100 

50 

92 

2N5469 

TO-92 

25 

10 

2 

15 

1 

6 

15 

10 

4 

10 

15 

1.6 

100 

100 

100 

7 

15 

0 

3 

15 

0 

2.5 

100 

50 

92 

2N5470 

TO-92 

25 

10 

2 

15 

2 

8 

15 

10 

8 

20 

15 

2.5 

100 

150 

100 

7 

15 

0 

3 

15 

0 

2.5 

100 

50 

92 

2N5949 

TO-92 

30 

1 

1 

15 

3 

7 

15 

100 

12 

18 

15 

3.0 

100 

75 

100 

6 

15 

0 

2 

15 

0 

5 

100 

50 

97 

2N5950 

TO-92 

30 

1 

1 

15 

2.5 

6 

15 

100 

10 

15 

15 

3.0 

100 

75 

100 

6 

15 

0 

2 

15 

0 

5 

100 

50 

97 

2N5951 

TO-92 

30 

1 

1 

15 

2 

5 

15 

100 

7 

13 

15 

3.0 

100 

75 

100 

6 

15 

0 

2 

15 

0 

5 

100 

50 

97 

2N5952 

TO-92 

30 

1 

1 

15 

1.3 

3.5 

15 

100 

4 

8 

15 

1.0 

100 

75 

100 

6 

15 

0 

2 

15 

0 

5 

100 

50 

97 

2N5953 

TO-92 

30 

1 

1 

15 

0.8 

3 

15 

100 

2.5 

5 

15 

1.0 

100 

50 

100 

6 

15 

0 

2 

15 

0 

5 

100 

50 

97 

J300 

TO-92 

25 

1 

0.5 

15 

1 

6 

10 

1 

6 

30 

10 

4.5 

0.001 

200 

0.001 

5.5 

10 

5 mA 

1.7 

10 

5 mA 



90 

92 

J304 

TO-92 

30 

1 

0.1 

20 

2 

6 

15 

1 

5 

15 

15 

t4.2 

400 

t80 

100 









50 

92 

J305 

TO-92 

30 

1 

0.1 

20 

0.5 

3 

15 

1 

1 

8 

15 

t3.0 

400 

t80 

100 









50 

92 

J308 

TO-92 

25 

1 

1 

15 

1 

6.5 

10 

1 

12 

60 

10 

8 

0.001 

200 

0.001 

7.5 

0 

-10 

2.5 

0 

-10 



92 

92 

J309 

TO-92 

25 

1 

1 

15 

1 

4.0 

10 

1 

12 

30 

10 

10 

0.001 

200 

0.001 

7.5 

0 

-10 

2.5 

0 

-10 



92 

92 

J310 

TO-92 

25 

1 

1 

15 

2 

6.5 

10 

1 

24 

60 

10 

8 

0.001 

200 

0.001 

7.5 

0 

-10 

2.5 

0 

-10 



92 

92 


t = typical value 


sjoisjsueii i3dr 


cn 





JFET Transistors 


N-Channel JFETs 


BelYfsl 

(mmho) @ Freq. 
Min (MHz) 

Re(Yos) 
(jLimho) @ f 
Max (MHz) 

Cjss 
(PF) @ Ids 
M ax (V) 

VqS 

(V) 

Crss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

NF 

(dB) @ Rg = Ik 
Freq. 
Max (MHz) 

Process 

No. 

Pkg 

No. 

1.6 

100 

100 

200 

7 

15 

0 

3 

15 

0 



50 

92 

2.5 

0.001 



5 

15 

0 

2 

15 

0 

4 

400 

50 

92 

4 

0.001 



5 

15 

0 

1.2 

15 

0 

4 

400 

50 

92 

1.6 

100 

200 

100 

6.5 

15 

0 

2.5 

15 

0 

3 

100 

50 

92 

6 

0.001 









2.0 

100 

90 

92 


0.001 









4.0 

100 

51 

92 

2.7 

200 

200 

200 

6 

15 

0 

2 

15 

0 

5 

200 

50 

92 

1.7 

200 

200 

200 

6 

15 

0 

2 

15 

0 



50 

92 

4 

400 

100 

400 

4 

15 

0 

0.8 

15 

0 

4 

400 

50 

92 

10 

0.001 

150 

TOO 

5 

0 

10 mA 

2.5 

0 

10 mA 



92 

07 

10 

0.001 

150 

100 

5 

0 

10 mA 

2.5 

0 

10 mA 



92 

07 

10 

0.001 

150 

100 

5 

10 

10 mA 

2.5 

10 

10 mA 



92 

07 

6 

0.001 



3.8 

10 

10 mA 

1.2 

10 

10 mA 



90 

07 


I 




Nahonal 

Semiconductor 


N-Channel JFETs 


Low Frequency—Low Noise Amplifiers 

I bss I Sfs (RelYfs) I i I Goss I 


Tvno VGS(off) IqSS 9fs (RelYfs) f Goss Gjss Crss 

ijr stvie 'g ''dg (V) Vds h (mA) Vos (mmho) Vds (f^mho) Vqs (pF) Vos Vqs (pF) Vds 

oiyie ^Mnzj Max (V) Max (V) (V) Max (V) 


— Min (jaA) Max (V) Min Max (V) (nA) Min Max (V) Min Max (V) ^ ^ 

2N4393 TO-18 40 1.0 0.1 20 0.5 3.0 20 1.0 5 30 20 t12 20 0.001 


nV/l/Hz @ f 
Max (Hz) 


Process Pkg. 
No. No. 


14 20 0 3.5 5(GS) 


2N5556 

TO-72 

30 

10 

0.1 

15 

0.2 

4.0 

15 

1.0 

0.5 

2.5 

15 

1.5 

6.5 

15 

0.001 

20 

15 

6 

15 

0 

3 

15 

35 

10 

50 

25 

2N5557 

TO-72 

30 

10 

0.1 

15 

0.8 

5.0 

15 

1.0 

2 

5.0 

15 

1.5 

6.5 

15 

0.001 

20 

15 

6 

15 

0 

3 

15 

35 

10 

50 

25 

2N5558 

TO-72 

30 

10 

0.1 

15 

1.5 

6.0 

15 

1.0 

4 

10 

15 

1.5 

6.5 

15 

0.001 

20 

15 

6 

15 

0 

3 

15 

35 

10 

50 

25 

NF5101 

TO-72 

40 

1 

0.2 

15 

0.5 

1.1 

15 

i.O 

1 

12 

15 

3.5 


15 

0.001 

25 

15 

t12 

15 

0 

t4 

15 

3.5 

1000 

51 

25 

NF5102 

TO-72 

40 

1 

0.2 

15 

0.7 

1.6 

15 

1.0 

4 

20 

15 

7.5 


15 

0.001 

25 

15 

t12 

15 

0 

t4 

15 

3.5 

1000 

51 

25 

NF5103 

TO-72 

40 

1 

0.2 

15 

1.2 

2.7 

15 

1.0 

10 

40 

15 

7.5 


15 

0.001 

25 

15 

t12 

15 

0 

t4 

15 

3.5 

1000 

51 

25 

PF5101 

TO-92 

40 

1 

0.2 

15 

0.5 

1.1 

15 

1.0 

1 

12 

15 

3.5 


15 

0.001 

25 

15 

t12 

15 

0 

14 

15 

3.5 

1000 

51 

92 

PF5102 

TO-92 

40 

1 

0.2 

15 

0.7 

1.6 

15 

1.0 

4 

20 

15 

7.5 


15 

0.001 

25 

15 

t12 

15 

0 

14 

15 

3.5 

1000 

51 

92 

PF5103 

TO-92 

40 

1 

0.2 

15 

1.2 

2.7 

15 

1.0 

10 

40 

15 

7.5 


15 

0.001 

25 

15 

t12 

15 

0 

14 

15 

3.5 

1000 

51 

92 

PN4393 

TO-92 

40 

1 

0.1 

20 

0.5 

3.0 

20 

1.0 

5 

30 

20 

t12 


20 

0.001 



14 

20 

0 

3.5 

5(GS) 

18 

10 

51 

92 


t == typical value. 



sjoisjsuejj. i3dr 



JFET Transistors 


00 



National 

Semiconductor 


N-Channel JFETs 


Ultra Low Input Current Amplifiers 


Type 

No. 

Case 

Style 

W Wc 

Min (jmA) 

Iqss 

(pF) @ Vdg 
M ax (V) 

(V) 

Min 

Vp 

@ Vds 
M ax (V) 

*D 

(nA) 

loss 

iiiA @ Vds) 
Min Max (V) 

Gfs 

(jumho) @ Vds 

Min Max (V) 

Goss 

(jamho) Vds 
M ax (V) 

Cjss 
(pF) @ Vds 
M ax (V) 

VqS 

(V) 

Crss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

Process 

No. 

Pkg. 

No. 

2N4117 

TO-72 

40 

1 

10 

20 

0.6 

1.8 

10 

1 

30 

90 

10 

20 

210 

10 

3 

10 

3 

10 

0 

1.5 

10 

0 

53 

25 

2N4117A 

TO-72 

40 

1 

1 

20 

0.6 

1.8 

10 

1 

30 

90 

10 

70 

210 

10 

3 

10 

3 

10 

0 

1.5 

10 

0 

53 

25 

2N4118 

TO-72 

40 

1 

10 

20 

1 

3 

10 

1 

80 

240 

10 

80 

250 

10 

5 

10 

3 

10 

0 

1.5 

10 

0 

53 

25 

2N4118A 

TO-72 

40 

1 

1 

20 

1 

3 

10 

1 

80 

240 

10 

80 

250 

10 

5 

10 

3 

10 

0 

1.5 

10 

0 

53 

25 

2N4119 

TO-72 

40 

1 

10 

20 

2 

6 

10 

1 

200 

600 

10 

100 

330 

10 

10 

10 

3 

10 

0 

1.5 

10 

0 

53 

25 

2N4119A 

TO-72 

40 

1 

1 

20 

2 

6 

10 

1 

200 

600 

10 

100 

330 

10 

10 

10 

3 

10 

0 

1.5 

10 

0 

53 

25 

NF5301 

TO-72 

30 

1 

1 

15 

0.6 

3 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

25 

NF5301-1 

TO-72 

30 

1 

1 

15 

0.6 

1.8 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

25 

NF5301-2 

TO-72 

30 

1 

1 

15 

1.7 

3 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

25 

NF5301-3 

TO-72 

30 

1 

1 

15 

1.0 

2.4 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

25 

PF5301 

TO-92 

30 

1 

1 

15 

0.6 

3 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

92 

PF5301-1 

TO-92 

30 


1 

15 

0.6 

1.8 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

92 

PF5301-2 

TO-92 

30 


1 

15 

1.7 

3 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

92 

PF5301-3 

TO-92 

30 


1 

15 

1.0 

3.4 

10 

1 

30 

500 

10 

70 

300 

10 



3 

10 

0 

1.5 

10 

0 

53 

92 

PN4117 

TO-92 

40 


10 

20 

0.6 

2.8 

10 

1 

30 

90 

10 

20 

210 

10 

3 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4117A 

TO-92 

40 


1 

20 

0.6 

2.8 

10 

1 

30 

90 

10 

70 

210 

10 

3 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4118 

TO-92 

40 


10 

20 

1 

3 

10 

1 

80 

240 

10 

80 

250 

10 

5 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4118A 

TO-92 

40 


1 

20 

1 

3 

10 

1 

80 

240 

10 

80 

250 

10 

5 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4119 

TO-92 

40 


10 

20 

2 

6 

10 

1 

200 

600 

10 

100 

330 

10 

10 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4119A 

TO-92 

40 


1 

20 

2 

6 

10 

1 

200 

600 

10 

100 

330 

10 

10 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4120 

TO-92 

40 


20 

20 

0.6 

3 

10 

1 

30 

300 

10 

70 

300 

10 

20 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 

PN4120A 

TO-92 

40 


5 

20 

0.6 

3 

10 

1 

30 

300 

10 

70 

300 

10 

[_20_ 

10 

3 

10 

0 

1.5 

10 

0 

53 

92 




National 

Semiconductor 


N-Channel JFETs 


General Purpose Amplifiers 


Type 

No. 

Case 

Style 

bvqss 

*bvgdo 

(V) @ Ig 

Min iixA) 

■gss 

(nA) @ Vdg 
M ax (V) 

Vp 

(V) @ Vds Id 
M in Max (V) (nA) 

loss 

(mA) @ Vds 

Min Max (V) 

Gfs 

(mmho) @ Vds 
M in Max (V) 

Goss 

(/j.mho) @ Vds 
M ax (V) 

Giss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

Crss 

(PI=)@Vds 
M ax (V) 

Vgs 

00 

/NV 

Max 

1 @ Freq. 
(Hz) 

Process 

No. 

Pkg. 

No. 

2N3369 

TO-18 

40 

1 

5 

30 


6.5 

20 

1000 

0.5 

2.5 

30 

0.6 

2.5 

30 

30 

30 

20 

8 

0 

3 

30 

0 



52 

02 

2N3370 

TO-18 

40 

1 

5 

30 


3.2 

20 

1000 

0.1 

0.6 

30 

0.3 

2.5 

30 

15 

30 

20 

8 

0 

3 

30 

0 



52 

02 

2N3458 

TO-18 

50 

1 

0.25 

30 


7.8 

20 

1000 

3 

15 

20 

2.5 

10 

20 

35 

30 

18 

0 

-10 

5 

30 

0 

225 

20 

52 

02 

2N3459 

TO-18 

50 

1 

0.25 

30 


3.4 

20 

1000 

0.8 

4 

20 

1.5 

6 

20 

20 

30 

18 

0 

-6 

5 

30 

0 

155 

20 

52 

02 

2N3460 

TO-18 

50 

1 

0.25 

30 


1.8 

20 

1000 

0.2 

1 

20 

0.8 

4.5 

20 

5 

30 

18 

0 

-4 

5 

30 

0 

155 

20 

52 

02 

2N3684 

TO-72 

50 

1 

0.1 

30 

2 

5 

20 

1 

2.5 

7.5 

20 

2 

3 

20 

50 

20 

4 

20 

0 

1.2 

20 

0 

150 

100 

52 

25 

2N3685 

TO-72 

50 

1 

0.1 

30 

1 

3.5 

20 

1 

1 

3 

20 

1.5 

2.5 

20 

25 

20 

4 

20 

0 

1.2 

20 

0 

150 

100 

52 

25 

2N3686 

TO-72 

50 

1 

0.1 

30 

0.6 

2 

20 

1 

0.4 

1.2 

20 

1 

2 

20 

10 

20 

4 

20 

0 

1.2 

20 

0 

150 

100 

52 

25 

2N3687 

TO-72 

50 

1 

0.1 

30 

0.3 

1.2 

20 

1 

0.1 

0.5 

20 

0.5 

1.5 

20 

5 

20 

4 

20 

0 

1.2 

20 

0 

150 

100 

52 

25 

2N3821 

TO-72 

50 

1 

0.1 

30 


4 

15 

0.5 

0.5 

2.5 

15 

1.5 

4.5 

15 

10 

15 

6 

15 

0 

3 

15 

0 

200 

10 

55 

25 

2N3822 

TO-72 

50 

1 

0.1 

30 


6 

15 

0.5 

2 

10 

15 

3 

6.5 

15 

20 

15 

6 

15 

0 

3 

15 

0 

200 

10 

55 

25 

2N3967 

TO-72 

30 

1 

0.1 

20 

2 

5 

20 

1 

2.5 

10 

20 

2.5 


20 

35 

20D 

5 

20 

□ 

1.3 

20 

■ 

84 

100 

55 

25 

2N3967A 

TO-72 

30 

1 

0.1 

20 

2 

5 

20 

1 

2.5 

10 

20 

2.5 


20 

35 

20n 

5 

20 

□ 

1.3 

20 

■ 

160 

10 

55 

25 

2N3968 

TO-72 

30 

1 

0.1 

20 


3 

20 

1 

1 

5 

20 

2 


20 

15 

20** 

5 

20 


1.3 

20 

t 

84 

100 

55 

25 

2N3968A 

TO-72 

30 

1 

0.1 

20 


3 

20 

1 

1 

5 

20 

2 


20 

15 

20** 

5 

20 

** 

1.3 

20 

t 

160 

10 

55 

25 

2N3969 

TO-72 

30 

1 

0.1 

20 


1.7 

20 

1 

0.4 

2 

20 

1.3 


20 

5 

20tt 

5 

20 

tt 

1.3 

20 

□ 

84 

100 

55 

25 

2N3969A 

TO-72 

30 

1 

0.1 

20 


1.7 

20 

1 

0.4 

2 

20 

1.3 


20 

5 

20tt 

5 

20 

tt 

1.3 

20 

□ 

160 

10 

55 

25 

2N4220 

TO-72 

30 

10 

0.1 

15 


4 

15 

0.1 

0.5 

3 

15 

1 

4 

15 

10 

15 

6 

15 

0 

2 

15 

0 



55 

25 

2N4220A 

TO-72 

30 

10 

0.1 

15 


4 

15 

0.1 

0.5 

3 

15 

1 

4 

15 

10 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N4221 

TO-72 

30 

10 

0.1 

15 


6 

15 

0.1 

2 

6 

15 

2 

5 

15 

20 

15 

6 

15 

0 

2 

15 

0 



55 

25 

2N4221A 

TO-72 

30 

10 

0.1 

15 


6 

15 

0.1 

2 

6 

15 

2 

5 

15 

20 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N4222 

TO-72 

30 

10 

0.1 

15 


8 

15 

0.1 

5 

15 

15 

2.5 

6 

15 

40 

15 

6 

15 

0 

2 

15 

0 



55 

25 

2N4222A 

TO-72 

30 

10 

0.1 

15 


8 

15 

0.1 

5 

15 

15 

2.5 

6 

15 

40 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N4338 

TO-18 

50 

1 

0.1 

30 

0.3 

1 

15 

100 

0.2 

0.6 

15 

0.6 

1.8 

15 

5 

15 

7 

15 

0 

3 

15 

0 

68 

1000 

52 

02 

2N4339 

TO-18 

50 

1 

0.1 

30 

0.6 

1.8 

15 

100 

0.5 

1.5 

15 

0.8 

2.4 

15 

15 

15 

7 

15 

0 

3 

15 

0 

68 

1000 

52 

02 

2N4340 

TO-18 

50 

1 

0.1 

30 

1 

3 

15 

100 

1.2 

3.6 

15 

1.3 

3 

15 

30 

15 

7 

15 

0 

3 

15 

0 

68 

1000 

52 

02 

2N4341 

TO-18 

50 

1 

0.1 

30 

2 

6 

15 

100 

3 

9 

15 

2 

4 

15 

60 

15 

7 

15 

0 

3 

15 

0 

68 

1000 

55 

1 02 

2N5103 

TO-72 

25 

10 

0.1 

15 

0.5 

4 

15 

1 

1 

8 

15 

2 

8 

15 

100 

15 

5 

15 

0 

1 

15 

0 

100 

10 

50 

25 

2N5104 

TO-72 

25 

1 

0.1 

15 

0.5 

4 

15 

1 


6 

15 

3.5 

7.5 

15 

100 

15 

5 

15 

0 

1 

15 

0 

50 

10 

50 

25 


■Id = 1 mA; TId ~ 500 ju.A; ttlp ~ ^0 M'A; **10 = 100 ju,A; DIq = 250 /xA. 


on 


sjoisjsueji i3dr 




5-10 


JFET Transistors 


General Purpose Amplifiers (Continued) N-Channel JFETs 


Type 

No. 

Case 

Style 

BVgss 
*BVgdO 
(V)@Ig 
M in (juiA) 

■gss 

(nA) @ Vqg 
M ax (V) 

Vp 

(V)@Vds 
M in Max (V) 

•d 

(nA) 

loss 

(mA) @ Yds 

Min Max (V) 

Gfs 

(mmho) @ 
Min Max 

Vds 

(V) 

Goss 

(jLimho) @ Yds 
M ax (Y) 

Giss 
(pF) @ Yds 
M ax (Y) 

Vqs 

(V) 

Crss 
(pF) @ Yds 
M ax (Y) 

Vqs 

(V) 

/NY\®" 

Max 

Process 

No. 

Pkg. 

No. 

2N5105 

TO-72 

25 

1 

0.1 

15 

0.5 

4 

15 

1 

5 

15 

15 

5 

10 

15 

100 

15 

5 

15 

0 

1 

15 

0 



50 

25 

2N5358 

TO-72 

40 

1 

0.1 

20 

0.5 

3 

15 

100 

0.5 

1 

15 

1 

3 

15 

10 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5359 

TO-72 

40 

1 

0.1 

20 

0.8 

4 

15 

100 

0.6 

1.6 

15 

1.2 

3.6 

15 

10 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5360 

TO-72 

40 

1 

0.1 

20 

0.8 

4 

15 

100 

1.5 

3.0 

15 

1.4 

4.2 

15 

20 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5361 

TO-72 

40 

1 

0.1 

20 

1 

6 

15 

100 

2.5 

5 

15 

1.5 

4.5 

15 

20 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5362 

TO-72 

40 

1 

0.1 

20 

2 

7 

15 

100 

4 

8 

15 

2 

5.5 

15 

40 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5363 

TO-72 

40 

1 

0.1 

20 

2.5 

8 

15 

100 

7 

14 

15 

2.5 

6 

15 

40 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5364 

TO-72 

40 

1 

0.1 

20 

2.5 

8 

15 

100 

9 

18 

15 

2.7 

6.5 

15 

60 

15 

6 

15 

0 

2 

15 

0 

115 

100 

55 

25 

2N5457 

TO-92 

25 

1 

1 

15 

0.5 

6 

15 

10 

1 

5 

15 

2 

5 

15 

50 

15 

7 

15 

0 

3 

15 

0 



55 

92 

2N5458 

TO-92 

25 

1 

1 

15 

1 

7 

15 

10 

2 

9 

15 

1.5 

5.5 

15 

50 

15 

7 

15 

0 

3 

15 

0 



55 

92 

2N5459 

TO-92 

25 

1 

1 

15 

2 

8 

15 

10 

4 

16 

15 

2 

6 

15 

50 

15 

7 

15 

0 

3 

15 

0 



55 

92 

2N5556 

TO-72 

30 

1 

0.1 

15 

0.2 

4 

15 

1 

0.5 

2.5 

15 

1.5 

6.5 

15 

20 

15 

6 

15 

0 

3 

15 

0 

35 

10 

50 

25 

2N5557 

TO-72 

30 

1 

0.1 

15 

0.8 

5 

15 

1 

2 

5 

15 

1.5 

6.5 

15 

20 

15 

6 

15 

0 

3 

15 

0 

35 

10 

50 

25 

2N5558 

TO-72 

30 

1 

0.1 

15 

1.5 

6 

15 

1 

4 

10 

15 

1.5 

6.5 

15 

20 

15 

6 

15 

0 

3 

15 

0 

35 

10 

50 

25 

J201 

TO-92 

40 

1 

0.1 

20 

0.3 

1.5 

20 

10 

0.2 

1 

20 

0.5 


20 











52 

92 

J202 

TO-92 

40 

1 

0.1 

20 

0.8 

4 

20 

10 

0.9 

4.5 

20 

1 


20 











52 

92 

J203 

TO-92 

40 

1 

0.1 

20 

2 

10 

20 

10 

4 

20 

20 

1.5 


20 











52 

92 

J210 

TO-92 

25 

1 

0.1 

15 

1 

3 

15 

1 

2 

15 

15 

4 

12 

15 

150 

15 









90 

92 

J211 

TO-92 

25 

1 

0.1 

15 

2.5 

4.5 

15 

1 

7 

20 

15 

7 

12 

15 

200 

15 









90 

92 

J212 

TO-92 

25 

1 

0.1 

15 

4 

6 

15 

1 

15 

40 

15 

7 

12 

15 

200 

15 









90 

92 

MPF103 

TO-92 

25 

1 

1 

15 


6 

15 

1 

1 

5 

15 

1 

5 

15 

50 

15 

7 

15 

0 

3 

15 

0 



55 

92 

MPF104 

TO-92 

25 

1 

1 

15 


7 

15 

1 

2 

9 

15 

1.5 

5.5 

15 

50 

15 

7 

15 

0 

3 

15 

0 



55 

92 

MPF105 

TO-92 

25 

1 

1 

15 


8 

15 

1 

4 

16 

15 

2 

6 

15 

50 

15 

7 

15 

0 

3 

15 

0 



55 

92 

MPF109 

TO-92 

25 

10 

1 

15 

0.2 

8 

15 

10 

0.5 

24 

15 

0.8 

6 

15 

75 

15 

7 

15 

0 

3 

15 

0 

115 

1000 

55 

92 

MPF110 

TO-92 

20 

10 

100 

10 

0.5 

10 

10 

1 

0.5 

20 

10 

0.5 


10 











50 

92 

MPF111 

TO-92 

20 

10 

100 

10 

0.5 

10 

10 

1000 

0.5 

20 

10 

0.5 


10 

200 

10 









50 

92 

MPF112 

TO-92 

25 

10 

100 

10 

0.5 

10 

10 

1000 

1 

25 

10 

1 

7.5 

10 











55 

92 

PN3684 

TO-92 

50 

1 

0.1 

30 

2 

5 

20 

1 

2.5 

7.5 

20 

2 

3 

20 

50 

20 

4 

20 

0 

1.2 

20 

0 

150 

20 

52 

92 

PN3685 

TO-92 

50 

1 

0.1 

30 

1 

3.5 

20 

1 

1 

3 

20 

1.5 

2,5 

20 

25 

20 

4 

20 

0 

1.2 

20 

0 

150 

20 

52 

92 

PN3686 

TO-92 

50 

1 

0.1 

30 

0.6 

2 

20 

1 

0.4 

1.2 

20 

1 

2 

20 

10 

20 

4 

20 

0 

1.2 

20 

0 

150 

20 

52 

92 



#T« 





Type 


No. 


PN3687 

TO-92 

PN4220 

TO-92' 

PN4221 

TO-92 

PN4222 

TO-92 

PN4302 

TO-92 

PN4303 

TO-92 

PN4304 

TO-92 

PN4338 

TO-92 

PN4339 

TO-92 

PN5163 

TO-92 

TIS58 

TO-92 

TIS59 

TO-92 

































5-12 


JFET Transistors 



National 

SemiconductDr 


N-Channel JFETs 


General Purpose Dual JFETs 


Operating Conditions for these Characteristics 


Type 

No. 

Case 

Style 

Op. 
Char. 
Vqg Id 
(V) (fxA) 

|VgS1-2 

Vos 

(mV) 

Max 

Drift 

(fiVrC) 

AVgs 

Max 

Ig 

(pA) 

Gfs 

jmmhos 

Goss 

(ftmho) 

CMRR 

(dB) 

Vgs 

(V) 

Vp 

(V) 

loss 

(mA) 

Gfs 

(mmho) 

Goss 

(ftmho) 

Iqss 

(pA @ Vdg 

Giss Gfss BV 
(pF) (pF) (V) 

©R 

(nVfVHi)@f 

loss Gfs Gosc 1-2 Ig 1 “IG 2 
Match Match (ju,mho) 125°C 

Process 

No. 

Pkg. 

No. 

Max 

Min Max 

Max 

Min 

Min Max 

Min Max 

Min Max 

Min Max 

Max 

Max 

(V) 

Max Max Min 

Max 

(Hz) 

% 

% 


(nA) 

2N3921 

TO-71 

10 

700 

5 

10 

250 

1500 

20 




-3.0 

1 

10 

1.5 

7.5 

35 

1000 

30 

18 

6 

50 

100 

1000 


5 



83 

12 

2N3922 

TO-71 

10 

700 

5 

25 

250 

1500 

20 




-3.0 

1 

10 

1.5 

7.5 

35 

1000 

30 

18 

6 

50 

100 

1000 


5 



83 

12 

2N3934 

TO-71 

10 

200 

5 

10 

100 

300 

5 




See 2N3954-6 as an improved replacement 











12 

2N3935 

TO-71 

10 

200 

5 

25 

100 

300 

5 




See 2N3954-6 as an improved replacement 











12 

2N3954A 

TO-71 

20 

200 

5 

5 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 

3 

35 

100 

30 

4 

1.2 

50 

150 

100 

5 

3 


10 

83 

12 

2N3954 

TO-71 

20 

200 

5 

10 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 

3 

35 

100 

30 

4 

1.2 

50 

150 

100 

5 

3 


10 

83 

12 

2N3955A 

TO-71 

20 

200 

5 

15 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 

3 

35 

100 

30 

4 

1.2 

50 

150 

100 

5 

3 


10 

83 

12 

2N3955 

TO-71 

20 

200 

10 

25 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 

3 

35 

100 

30 

4 

1.2 

50 

150 

100 

5 

5 


10 

83 

12 

2N3956 

TO-71 

20 

200 

15 

50 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 

3 

35 

100 

30 

4 

1.2 

50 

150 

100 

5 

5 


10 

83 

12 

2N3957 

TO-71 

20 

200 

20 

75 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 

3 

35 

100 

30 

4 

1.2 

50 

150 

100 

10 

10 


10 

83 

12 

2N3958 

TO-71 

20 

200 

25 

100 

50 




0.5 4 

1 

4.5 

0.5 

5 

1 3 

35 

100 

30 

4 

1.2 

50 

150 

100 

15 

15 


10 

83 

12 

2N4082 

TO-71 

10 

200 

15 

10 

100 

300 

10 




See 2N3954-6 as an improved replacement 











12 

2N4083 

TO-71 

10 

200 

15 

25 

100 

300 

10 




See 2N3954-6 as an improved replacement 











12 

2N4084 

TO-71 

10 

700 

15 

10 

250 

1500 

20 


0.5 4 


3 

1 

10 

1.5 

7.5 

35 

1000 

30 

18 

6 

50 

100 

1000 


5 



83 

12 

2N4085 

TO-71 

10 

700 

15 

25 

250 

1500 

20 




3 

1 

10 

1.5 

7.5 

35 

1000 

30 

18 

6 

50 

100 

1000 


5 



83 

12 

2N5045 

TO-71 

15 

200 

5.0 

67 






0.5 

4.5 

0.5 

8 

1.5 

6 

25 

250 

30 

8 

4 

50 

200 

10 





83 

12 

2N5046 

TO-71 

15 

200 

10 

133 






0.5 

4.5 

0.5 

8 

1.5 

6 

25 

250 

30 

8 

4 

50 

200 

10 





83 

12 

2N5047 

TO-71 

15 

200 

15 

200 






0.5 

4.5 

0.5 

8 

1.5 

6 

25 

250 

30 

8 

4 

50 

200 

10 


20 

3 


83 

12 

2N5196 

TO-71 

20 

200 

5 

5 

15 

700 1500 

4 


0.2 3.8 

0.7 

4.5 

0.7 

7 

1 

4 

50 

25 

30 

6 

2 

50 

20 

1000 

5 

3 

1 

5 

83 

12 

2N5197 

TO-71 

20 

200 

5 

10 

15 

700 1500 

4 


0.2 3.8 

0.7 

4.5 

0.7 

7 

1 

4 

50 

25 

30 

6 

2 

50 

20 

1000 

5 

3 

1 

5 

83 

12 

2N5198 

TO-71 

20 

200 

10 

20 

15 

700 1500 

4 


0.2 3.8 

0.7 

4.5 

0.7 

7 

1 

4 

50 

25 

30 

6 

2 

50 

20 

1000 

5 

3 

1 

5 

83 

12 

2N5199 

TO-71 

20 

200 

15 

40 

17 

700 1500 

4 


0.2 3.8 

0.7 

4.5 

0.7 

7 

1 

4 

50 

25 

30 

6 

2 

50 

20 

1000 

5 

3 

1 

5 

83 

12 

2N5452 

TO-71 

20 

200 

5 

5 



1 


0.2 4.2 

1 

4.5 

0.5 

5 

1 

3 

3 

100 

30 

4 

1.2 

50 

20 

1000 

5 

3 

0.25 


83 

12 

2N5453 

TO-71 

20 

200 

10 

10 



1 


0.2 4.2 

1 

4.5 

0.5 

5 

1 

3 

3 

100 

30 

4 

1.2 

50 

20 

1000 

5 

3 

0.25 


83 

12 

2N5454 

TO-71 

20 

200 

15 

25 



1 


0.2 4.2 

1 

4.5 

0.5 

5 

1 

3 

3 

100 

30 

4 

1.2 

50 

20 

1000 

5 

3 

0.25 


83 

12 

2N5545 

TO-71 

15 

200 

5 

10 

50 





0.5 

4.5 

0.5 

8 

1.5 

6 

25 

100 

30 

6 

2 

50 

180 

10 

5 

3 

1 

5 

83 

12 

2N5546 

TO-71 

15 

200 

10 

20 

50 





0.5 

4.5 

0.5 

8 

1.5 

6 

25 

100 

30 

6 

2 

50 

200 

10 

10 

5 

2 

5 

83 

12 

2N5547 

TO-71 

15 

200 

15 

40 

50 





0.5 

4.5 

0.5 

8 

1.5 

6 

25 

100 

30 

6 

2 

50 



10 

10 

3 

5 

83 

12 

2N5561 

TO-71 

10 

700 

5 

5 


2000 3000 

4 


0.2 2.7t 

0.8 

3 

1 

10 




100 

30 

15 

4 

50 

50 

10 

5 

3 

0.3 

10 

98 

12 

2N5562 

TO-71 

10 

700 

10 

10 


2000 3000 

4 


0.2 2.7t 

0.8 

3 

1 

10 




100 

30 

15 

4 

50 

50 

10 

5 

3 

0.4 

10 

98 

12 

2N5563 

TO-71 

10 

700 

15 

25 


2000 3000 

4 


0.2 2.7t 

0.8 

3 

1 

10 




100 

30 

15 

4 

50 

50 

10 

5 

3 

0.5 

10 

98 

12 


tiD = 100 jaA for Vgs for 2N556/1/2/3 only. 




5-13 


General Purpose Dual JFETs (Continued) N-Channel JFETs 




Operating Conditions for these Characteristics 




















Type 

No. 

Case 

Style 

Op. 
Char. 
Vdg Id 
(V) (M.A) 

IVgSI-21 

Vos 

(mV) 

Max 

Drift 

(ftV/»C) 

AVgs 

Max 

Ig 

(pA) 

Gfs 

/imhos 

Goss 

(ju.mho) 

CMRR 

(dB) 

Vgs 

(V) 

Vp 

(V) 

loss 

(mA) 

Gfs 

(mmho) 

Goss 

(/xmho) 

less 

(pA @ Vdg 

Ciss Crss BV 
(pF) (pF) (V) 

cr 

(nVf,/Hz)@f 

loss Gfs Gosc 1-2 Ig 1 “IG 2 
Match Match (jumho) 125°C 

Process 

No. 

Pkg. 

No. 

Max 

Min 

Max 

Max 

Min 

Min Max 

Min Max 

Min Max 

Min Max 

Max 

Max 

(V) 

Max Max Min 

Max 

(Hz) 

% 

% 

(nA) 

J401 


10 

200 

5 

10 

100 

1000 1600 

2 

95 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

100 

30 

8 

3 

50 

20 

10 




98 

60 

J402 

J403 

8 -Pin 

Mini- 

DIP 

10 

10 

200 

200 

10 

10 

10 

25 

100 

100 

1000 1600 

1000 1600 

2 

2 

95 

95 


2.3 

2.3 

0.5 

0.5 

2.5 

2.5 

0.5 

0.5 

10 

10 

2 

2 

7 

7 

20 

20 

100 

100 

30 

30 

8 

8 

3 

3 

50 

50 

20 

20 

10 

10 




98 

98 

60 

60 

J404 

10 

200 

15 

25 

100 

1000 1600 

2 

95 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

100 

30 

8 

3 

50 

20 

10 




98 

60 

J405 

10 

200 

20 

40 

100 

1000 1600 

2 

90 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

100 

30 

8 

3 

50 

20 

10 




98 

60 

J406 


10 

200 

40 

80 

100 

1000 1600 

2 



2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

100 

30 

8 

3 

50 

20 

10 




98 

60 

J410 

8 -Pin 

20 

200 

10 

10 

250 

800 

1200 

5 


0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

250 

20 

4.5 

1.2 

40 

50 

100 




83 

60 

J411 

Mini 

20 

200 

25 

25 

250 

800 

1200 

5 


0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

250 

20 

4.5 

1.2 

40 

50 

100 




83 

60 

J412 

DIP 

20 

200 

40 

80 

250 

800 

1200 

5 


0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

250 

20 

4.5 

1.2 

40 

50 

100 




83 

60 

NPD8301 

8 -Pin 

20 

200 

5 

t5 

100 

700 

1200 

5 

70 

0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

100 

20 

4.5 

1.2 

40 

50 

100 




83 

67 

NPD8302 

Mini 

20 

200 

10 

tio 

100 

700 

1200 

5 


0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

100 

20 

4.5 

1.2 

40 

50 

100 




83 

67 

NPD8303 

DIP 

20 

200 

15 

t15 

100 

700 

1200 

5 


0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

100 

20 

4.5 

1.2 

40 

50 

100 




83 

67 

NPD8304 

8 -Pin 

20 

200 

20 

t20 

100 

700 

1200 

5 


0.3 

4 

0.5 

3.5 

0.5 

6 

1 

4 

20 

100 

20 

4.5 

1.2 

40 

50 

100 




83 

67 


Mini- 

Dip 































U231 

TO-71 

20 

200 

5 

10 

50 

600 


10 


0.3 

4 


See 2N3954 as an Improved replacement 









83 

12 

U232 

TO-71 

20 

200 

10 

25 

50 

600 


10 


0.3 

4 


See 2N3955 as an improved replacement 









83 

12 

U233 

TO-71 

20 

200 

15 

50 

50 

600 


10 


0.3 

4 


See 2N3956 as an improved replacement 









83 

12 

U234 

TO-71 

20 

200 

20 

75 

50 

600 


10 


0.3 

4 


See 2N3957 as an improved replacement 









83 

12 

U235 

TO-71 

20 

200 

25 

100 

50 

600 


10 


0.3 

4 


See 2N3958 as an improved replacement 









83 

12 

U401 

TO-71 

10 

200 

5 

10 

15 

1000 1600 

2 

95 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

25 

30 

8 

3 

50 

20 

10 




98 

12 

U402 

TO-71 

10 

200 

10 

10 

15 

1000 1600 

2 

95 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

25 

30 

8 

3 

50 

20 

10 




98 

12 

U403 

TO-71 

10 

200 

10 

25 

15 

1000 1600 

2 

95 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

25 

30 

8 

3 

50 

20 

10 




98 

12 

U404 

TO-71 

10 

200 

15 

25 

15 

1000 1600 

2 

95 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

25 

30 

8 

3 

50 

20 

10 




98 

12 

U405 

TO-71 

10 

200 

20 

40 

15 

1000 1600 

2 

90 


2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

25 

30 

8 

3 

50 

20 

10 




98 

12 

U406 

TO-71 

10 

200 

40 

80 

15 

1000 1600 

2 



2.3 

0.5 

2.5 

0.5 

10 

2 

7 

20 

25 

30 

8 

3 

50 

20 

10 




98 

12 


Ol 


sjo^sjsueji iBjr 




JFET Transistors 


Nahonai 

Semiconductor 


N-Channel JFETs 


Low Frequency—Low Noise Dual JFETs 

Operating Conditions tor these Characteristics | I I | I | 


Type 

No. 

Case 

Style 

Op. 
Char. 
Vdg b 
(V) (fiA) 

|VgS1-2 

Vos 

(mV) 

Max 

Drift 

(ju,V/»C) 

AVqs 

Max 

Ig 

(pA) 

Max 

Gfs 

jmmhos 
Min Max 

Goss 

(/xmho) 

Max 

CMRR 

(dB) 

Min 

Vgs 

(V) 

Min Max 

Vp 

(V) 

Min Max 

loss 
(mA) 
Min Max 

Gfs 

(mmho) 
Min Max 

Goss 

(jLtmho) 

Max 

Igss 

(pA @ Vdg 
M ax (V) 

Ciss Crss BV 
(PF) (PF) (V) 
Max Max Min 

CR 

(nVfVHz@f 
Max (Hz) 

loss Gfs Gosc1-2 
Match Match (jmmho) 
% % 

•g1 “IG2 

125X 

(nA) 

Process 

No. 

2N5515 

TO-71 

20 

200 

5 

5 

100 

500 1000 

1 

100 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

30 

10 

5 

3 

0.1 

10 

95 

2N5516 

TO-71 

20 

200 

5 

10 

100 

500 1000 

1 

100 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

30 

10 

5 

3 

0.1 

10 

95 

2N5517 

TO-71 

20 

200 

10 

20 

100 

500 1000 

1 

90 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

30 

10 

5 

5 

0.1 

10 

95 

2N5518 

TO-71 

20 

200 

15 

40 

100 

500 1000 

1 


0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

30 

10 

5 

5 

0.1 

10 

95 

2N5519 

TO-71 

20 

200 

15 

80 

100 

500 1000 

1 


0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

30 

10 

10 

10 

0.1 

10 

95 

2N5520 

TO-71 

20 

200 

5 

5 

100 

500 1000 

1 

100 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

15 

10 

5 

3 

0.1 

10 

95 

2N5521 

TO-71 

20 

200 

5 

10 

100 

500 1000 

1 

100 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

15 

10 

5 

3 

0.1 

10 

95 

2N5522 

TO-71 

20 

200 

10 

20 

100 

500 1000 

1 

90 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

15 

10 

5 

5 

0.1 

10 

95 

2N5523 

TO-71 

20 

200 

15 

40 

100 

500 1000 

1 


0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

15 

10 

5 

5 

0.1 

10 

95 

2N5524 

TO-71 

20 

200 

15 

80 

100 

500 1000 

1 


0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

250 

30 

25 

5.0 

40 

15 

10 

10 

10 

0.1 

10 

95 

2N6483 

TO-71 

20 

200 

5 

5 

100 

500 1500 

1 

100 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

200 

30 

20 

3.5 

50 

10 

10 

5 

3 

0.1 

10 

95 

2N6484 

TO-71 

20 

200 

10 

10 

100 

500 1500 

1 

100 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

200 

30 

20 

3.5 

50 

10 

10 

5 

3 

0.1 

10 

95 

2N6485 

TO-71 

20 

200 

15 

25 

100 

500 1500 

1 

90 

0.2 

3.8 

0.7 

4 

0.5 

7.5 

1 4 

10 

200 

30 

20 

3.5 

50 

10 

10 

5 

3 

0.1 

10 

95 






National 

Semiconductor 


N-Channel JFETs 


Wide Band—Low Noise Duai JFETs 


Type 

No. 

Case 

Style 

Operating Conditions for these Characteristics 

Vp 

(V) 

Min Max 

loss 
(mA) 
Min Max 

Gfs 

(mmho) 
Min Max 

Goss 

(/imho) 

Max 

Igss 

(pA @ Vdg 
M ax (V) 

C|ss Crss BV 
(pF) (pF) (V) 
Max Max Min 

ep 

(nVfVHi)@f 
Max (Hz) 

•dSS Gfs Gosc1-2 Ig1-Ig2 
Match Match (/imho) 125^ 
% % (nA) 

Process 

No. 

Pkg. 

No. 

Op. 
Char. 
Vdg Id 
(V) (ftA) 

VgS1-2 

Vos 

(mV) 

Max 

Drift 

(jttvrc) 

AVgs 

Max 

Ig 

(pA) 

Max 

Gfs 

/xmhos 
Min Max 

Goss 

(/imho) 

Max 

CMRR 

(dB) 

Min 

Vgs 

(V) 

Min Max 

2N5584 

TO-71 

15 

2000 

5 

10 


7500 12,500 

45 




0.5 

3 

5 

30 



100 

20 

12 

3 

40 

50 

10 

5 

5 



98 

12 

2N5585 

TO-71 

15 

2000 

10 

25 


7500 12,500 

45 




0.5 

3 

5 

30 



100 

20 

12 

3 

40 

50 

10 

5 

10 



98 

12 

2N5586 

TO-71 

15 

2000 

20 

50 


7500 12,500 

45 




0.5 

3 

5 

30 



100 

20 

12 

3 

40 

50 

10 

5 

10 



98 

12 

2N5911 

TO-78 

10 

5000 

10 

20 

100 

5000 10,000 

100 


0.3 

4 

1 

5 

7 

40 



100 

15 

5 

1.2 

25 

20 

10,000 

5 

5 

20 

20 

83 

24 

2N5912 

TO-78 

10 

5000 

15 

40 

100 

5000 10,000 

100 


0.3 

4 

1 

5 

7 

40 



100 

15 

5 

1.2 

25 

20 

10,000 

5 

5 

20 

20 

83 

24 

U440 

TO-71 

10 

5000 

10 


500 

4500 9000 

200 




1 

8.0 

6 

30 



500 

15 

3.5 

0.5 

25 







83 

12 

U441 

TO-71 

10 

5000 

20 


500 

4500 9000 

200 




1 

8.0 

6 

30 



500 

15 

3.5 

0.5 

25 







83 

12 

NPD5584 

8 -Pin 

15 

2000 

5 



7500 12,500 

45 




0.5 

3 

5 

30 



100 

20 

12 

3 

40 

50 

10 

5 

5 



98 

67 

NPD5585 

Mini- 

15 

2000 

10 



7500 12,500 

45 




0.5 

3 

5 

30 



100 

20 

12 

3 

40 

50 

10 

5 

10 



98 

67 

NPD5586 

Dip 

15 

2000 

20 



7500 12,500 

45 




0.5 

3 

5 

30 



100 

20 

12 

3 

40 

50 

10 

5 

10 



98 

67 

NF5011 

TO-71 

10 

5000 

10 

20 

500 

5000 10,000 

100 


0.3 

4 

1 

5 

7 

40 



100 

15 

5 

1.2 

25 

20 

10,000 

5 

5 

20 

20 

83 

12 

NF5012 

TO-71 

10 

5000 

15 

40 

500 

5000 10,000 

100 


0.3 

4 

1 

5 

7 

40 



100 

15 

5 

1.2 

25 

20 

10,000 

5 

5 

20 

20 

83 

12 

NF5011C 

TO-71 

10 

5000 

40 

40 

500 

5000 10,000 

100 


0.3 

4 

1 

5 

7 

40 



100 

15 

5 

1.2 

25 

20 

10,000 

5 

5 

20 

20 

83 

12 

U287 

TO-78 

10 

5000 

100 



5000 10,000 

150 




1 

5 

5 

40 



100 

15 

5 

1.2 

25 

30 

10,000 

15 

15 

20 


83 

24 


sjoisjsueji i3dr 
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5-16 


JFET Transistors 


National 

Semiconductor 


N-Channel JFETs 


Low Leakage—High CMRR—^Wide Band Dual JFETs 


Type Case 
No. Style 

Operating Conditions for these Cl 

Op. 
Char. 
Vdg Id 
(V) (jaA) 

CM 

S 

Drift 

(fxV/»C) 

AVgs 

Max 

Ig(pF) 

@ 

VdG 

35V 

Gfs 

jumhos 
Min Max 

NDF9406 TO-71 

20 200 

5 

5 

5 

700 1800 

NDF9407 TO-71 

20 200 

5 

10 

5 

700 1800 

NDF9408 TO-71 

20 200 

10 

10 

5 

700 1800 

NDF9409 TO-71 

20 200 

15 

10 

5 

700 1800 

NDF9410 TO-71 

20 200 

25 

25 

5 

700 1800 


Gfs Goss 


IgSS C|ssCn»BV 


*DSS Gfs GoscI-2 I61-IG2 L 


■uoD —IS —W 55 -uoo —ws —rss — - -’ll 'uos —IS —asci-^-ui Process Pka 

(mA) (mmho) (fimho) (pA) @ Vdq (pF) (pF) (V) (nVf VHz) @ f Match Match (jmmho) 125“C T'™**** 

aa—Ba:_ Ba_» Ba^» Ba^» #««\ bB;__ bb_.. Ba:_ bb_^ #u_% a/ tu I i-V* riw> 


Min Max Max Min Min Max Min Max Min Max Min Max Max Max (V) Max Max Min Max (Hz) 


0.5 4 0.5 10 
0.5 4 0.5 10 
0.5 4 0.5 10 
0.5 4 0.5 10 
0.5 4 0.5 10 


50 20 8.0 0.1 50 30 

50 20 8.0 0.1 50 30 

50 20 8.0 0.1 50 30 

50 20 8.0 0.1 50 30 

50 20 8.0 0.1 50 30 


5 3 

5 3 

5 5 

5 5 

10 10 
























5-18 


JFET Transistors 


National 


P-Channel JFETs 


Semiconductor 


Switches 


Type 

No. 

Case 

Style 

BVgsS 
BVqdo 
(V)@Ig 
M in (fiA) 

Iqss 

(nA) @ Vdg 
M ax (V) 

lD(off) 
(nA) @ Vds 
M ax (V) 

Vgs 

(V) 

Vp , 

(V)@Vds 

Min Max (V) ' ^ 

loss 

(mA) @ Yds 
M in Max(V) 

Fds 

(H) @ Id 
M ax (mA) 

C|ss 
(pF) @ Yds 
M ax (Y) 

Vgs 

(V) 

Crss 
(pF) @ Yds 
M ax (Y) 

Vgs 

(V) 

*on 

(ns) 

Max 

toff 

(ns) 

Max 

Process 

No. 

Pkg. 

No. 

2N5018 

TO-18 

30 

1 

2 

15 

10 

-15 

12 


10 -15 1 

10 

20 

75 


45 

-15 

0 

10 

0 

12 

35 

65 

88 

11 

2N5019 

TO-18 

30 

1 

2 

15 

10 

-15 

7 


5 -15 1 

5 

20 

150 


45 

-15 

0 

10 

0 

7 

90 

125 

88 

11 

2N5114 

TO-18 

30 

1 

0.5 

20 

0.5 

-15 

12 

5 

10 -15 0.001 

30 

90 18 

75 

1 

25 

-15 

0 

7 

0 

12 

16 

21 

88 

11 

2N5115 

TO-18 

30 

1 

0.5 

20 

0.5 

-15 

7 

3 

6 -15 0.001 

16 

90 18 

100 

1 

25 

-15 

0 

7 

0 

7 

30 

38 

88 

11 

2N5116 

TO-18 

30 

1 

0.5 

20 

0.5 

-15 

5 

1 

4 -15 0.001 

5 

90 18 

150 

1 

25 

-15 

0 

7 

0 

5 

42 

60 

88 

11 

J174 

TO-92 

30 

1 

1 

20 

1 

-15 

10 

5 

10 -15 0.01 

20 

100 15 

85 

1 

11 

0 

10 

5.5 

0 

10 

2 

5 

88 

94 

J175 

TO-92 

30 

1 

1 

20 

1 

-15 

10 

3 

6 -15 0.01 

7 

60 15 

125 

0.5 

11 

0 

10 

5.5 

0 

10 

5 

10 

88 

94 

J176 

TO-92 

30 

1 

1 

20 

1 

-15 

10 

1 

4 -15 0.01 

2 

25 15 

250 

0.25 

11 

0 

10 

5.5 

0 

10 

15 

15 

88 

94 

J177 

TO-92 

30 

1 

1 

20 

1 

-15 

10 

0.8 2.25 -15 0.01 

1.5 

20 15 

300 

0.1 

11 

0 

10 

5.5 

0 

10 

20 

20 

88 

94 

PI 086 

TO-92 

30 

1 

2 

15 

10 

-15 

12 


10 -15 1 

10 

20 

75 

1 

45 

-15 

0 

10 

0 

12 

35 

65 

88 

92 

PI 087 

TO-92 

30 

1 

2 

15 

10 

-15 

7 


5 -15 1 

5 

20 

150 

1 

45 

-15 

0 

10 

0 

7 

90 

125 

88 

92 




5-19 



National 

Semiconductor 


P-Channel JFETs 


Amplifiers 


Type 

No. 

Case 

Style 

BVqss 

BVqdO 

(V)@Ig 

Min (/xA) 

less 

(nA) @ Vdg 
M ax (V) 

Vp 

(V)@Vds 
M in Max (V) 

■d 

(f^A) 

loss 

(mA) @ Vds 

Min Max (V) 

Gfs 

(mmho) @ Vds 

Min Max (V) 

Goss 

(jLimho) Vds 
M ax (V) 

Ciss 
(PF)Vds 
M ax (V) 

Vgs 

(V) 

Crss 
(PF)Vds 
M ax (V) 

Vgs 

(V) 

/NV 

VVRi 

Max 

f" 

1 @ Freq 
^ (Hz) 

Process 

No. 

Pkg. 

No. 

2N2608 

TO-18 

30 

1 

10 

30 

1 

4 

-5 

1 

0.9 

4.5 

5 

1 


5 



17 

-5 

1 




125 

1000 

89 

11 

2N2609 

TO-18 

30 

1 

30 

30 

1 

4 

-5 

1 

2 

10 

5 

2.5 


5 



30 

-5 

1 




125 

1000 

88 

11 

2N3329 

TO-72 

20 

10 

10 

10 


5 

-15 

10 

1 

3 

10 

1 

2 

10/1 mA 

20 

10 

20 

-10 

1 




125 

1000 

89 

23 

2N3330 

TO-72 

20 

10 

10 

10 


6 

-15 

10 

2 

6 

10 

1.5 

3 

10/2 mA 

40 

10 

20 

-10 

1 




125 

1000 

89 

23 

2N3331 

TO-72 

20 

10 

10 

10 


8 

-15 

10 

5 

15 

10 

2 

4 

10/5 mA 

100 

10 

20 

-10 

1 




155 

1000 

89 

23 

2N3332 

TO-72 

20 

10 

10 

10 


6 

-15 

10 

1 

6 

10 

1 

2.2 

10/1 mA 

20 

10 

20 

-10 

1 




65 

1000 

89 

23 

2N3820 

TO-92 

20 

10 

20 

10 


8.0 

-10 

10 

0.3 

15 

10 

0.8 

5 

10 

200 

10 

32 

-10 

0 

16 

-10 

0 



89 

94 

2N4381 

TO-18 

25 

1 

1 

15 

1 

5 

-15 

1 

3 

12 

15 

2 

6 

15 

75 

15 

20 

-15 

0 

5 

-15 

0 

20 

1000 

89 

11 

2N5020 

TO-18 

25 

1 

1 

15 

0.3 

1.5 

-15 

1 

0.3 

1.2 

15 

1 

3.5 

15 

20 

15 

25 

-15 

0 

7 

-15 

0 

30 

1000 

89 

11 

2N5021 

TO-18 

25 

1 

1 

15 

0.5 

2.5 

-15 

1 

1 

3.5 

15 

1.5 

6 

15 

20 

15 

25 

-15 

0 

7 

-15 

0 

30 

1000 

89 

11 

2N5460 

TO-92 

40 

10 

5 

20 

0.75 

6 

-15 

1 

1 

5 

15 

1 

4 

15 

50 

15 

7 

-15 

0 

2 

-15 

0 

115 

100 

89 

92 

2N5461 

TO-92 

40 

10 

5 

20 

1 

7.5 

-15 

1 

2 

9 

15 

1.5 

5 

15 

50 

15 

7 

-15 

0 

2 

-15 

0 

115 

100 

89 

92 

2N5462 

TO-92 

40 

10 

5 

20 

1.8 

9 

-15 

1 

4 

16 

15 

2 

6 

15 

50 

15 

7 

-15 

0 

2 

-15 

0 

115 

100 

89 

92 



mtlm 

1 

0.2 

20 

Iwl 

2.0 

-15 0.001 

2 

15 

15 

6.0 

15 

15 

200 

15 

120 

-15 

0 

t5 

-15 


tio 

1000 

88 

94 

J271 

TO-92 

30 

1 

0.2 

20 

1.5 

4.5 

-15 0.001 

6 

50 

15 

8.0 

18 


500 

15 

t20 

-15 

0 

t5 

-15 

0 

tio 

1000 

88 

94 

PN4342 

TO-92 

25 

10 

10 

15 


5.5 

-10 

1 

4 

12 

10 

2 

6 

10 

75 

10 

20 

-10 

0 

5 

-10 

0 

80 

100 

89 

92 

PN4360 

TO-92 

20 

10 

10 

15 

0.7 

10 

-10 

1 

3 

30 

10 

2 

8 

10 

100 

10 

20 

-10 

0 

5 

-10 

0 

190 

100 

89 

92 

PN5033 

TO-92 

20 

10 

10 

15 

0.3 

2.5 

-10 

1 

0.3 

3.5 

10 

1 

5 

10 

20 

10 

25 

-10 

0 

7 

-10 

0 

100 

100 

89 

92 


t = typical value. 
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Section 6 

Surface Mount Products 



Section 6 Contents 

SURFACE MOUNT DIODES 

General Purpose and Specialty Diodes—Plastic Package. 6-3 

Computer Diodes—Leadless Glass Package. 6-7 

General Purpose—Leadless Glass Package. 6-9 

Low Leakage Diodes—Leadless Glass Package. 6-10 

High Voltage Diodes—Leadless Glass Package. 6-11 

Surface Mount Monolithic Diode Arrays—Plastic Packages. 6-12 

SURFACE MOUNT TRANSISTORS 

Saturated Switches—NPN. 6-13 

RF Amplifiers and Oscillators—NPN. 6-15 

Low Level Amplifiers—NPN... 6-16 

General Purpose Amplifiers and Switches—NPN. 6-18 

Medium Power Transistors—NPN. 6-24 

Darlington Transistors—NPN . 6-25 

Saturated Switches—PNP. 6-26 

Low Level Amplifiers—PNP. 6-27 

General Purpose Amplifiers and Switches—PNP . 6-28 

SURFACE MOUNT JFETS 

N-Channel Switches and Choppers. 6-36 

N-Channel Wide Band-Low Noise Dual JFETs. 6-37 

P-Channel Switches and Choppers. 6-38 






















National 

Semiconductor 




Surface Mount Diodes 




General Purpose & Specialty Diodes 

PLASTIC PACKAGE 










Device 

Description 

Pkg. 

No. 

Pin 

Out 

Bv 

(V) 

Min 

Ir 

(nA) 

Max 

@ Vr 

V 

Vf 

(V) @ 

Max 

If 

mA 

C 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Family 

FDSO 1000 FAMILY 











D4 

BAS16 

Single 

TO-236 

(1) 

75 

1000 

75 

0.715 

0.855 

1.0 

10.0 

2.0 

6.0 

(Note 1) 

D4 

BAV70 

Common Cathode 

TO-236 

(4) 

70 

5000 

70 

1.1 

1.3 

50.0 

100.0 

1.5 

6.0 

(Note 2) 

D4 

BAV74 

Common Cathode 

TO-236 

(4) 

50 

100 

50 

1.0 

100 

2.0 

4.0 

(Note 3) 

D4 

BAV99 

Series 

TO-236 

(3) 

70 

2500 

70 

See BAS 16 

1.5 

6.0 

(Note 4) 

D4 

BAW56 

Common Anode 

TO-236 

(5) 

70 

2500 

70 

See BAS 16 

2.5 

6.0 

(Note 4) 

D4 

FDSO 914 

Single 

TO-236 

(1) 

100 

25 

20 

1.0 

10 

4.0 

4.0 

(Note 5) 

D4 

FDSO 4148 

Single 

TO-236 

(1) 

100 

25 

20 

1.0 

10 

4.0 

4.0 

(Note 5) 

D4 

FDSO 4448 

Single 

TO-236 

(1) 

100 

25 

20 

1.0 

100 

2.0 

4.0 

(Note 5) 

D4 

1 FSD0 1200 FAMILY | 

FDSO 1201 

Single 

TO-236 

(1) 

100 

25 

20 

1.0 

100 

2.0 

4.0 


D4 

FDSO 1202 

Single 

TO-236 

(2) 

100 

25 

20 

1.0 

100 

2.0 

4.0 


D4 

FDSO 1203 

Series 

TO-236 

(3) 

100 

25 

20 

1.0 

100 

2.0 

4.0 


D4 

FDSO 1204 

Common Cathode 

TO-236 

(4) 

100 

25 

20 

1.0 

100 

2.0 

4.0 


D4 

FDSO 1205 

Common Anode 

TO-236 

(5) 

100 

25 

20 

1.0 

100 

2.0 

4.0 


D4 

TEST CONDITIONS: 

Note 1: Ip = Ir = 10 mA, Rl = 100ft. Note 3: Ip 

Note 2: Ip = Ir = 10 mA, Vr = 5.0V, Ir (rec) = 1-0 mA. Note 4: Ip 

= Ir = 10 ^A, Rl = 100ft, Ir (rec) = 
= Ir = 10 mA, ly (REC) = 10 f^lA. 

1.0 ju,A measured at Ir = 1.0 mA. 

Note 5: Ip 

= 10 mA, Vr 

= 6V, Rl = 100ft Rec @ 1.0 mA. 
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Surface Mount Devices 








Surface Mount Diodes 




General Purpose & Specialty Diodes (continued) 

PLASTIC PACKAGE 









Device 

Description 

Pkg. 

No. 

Pin 

Out 

Bv 

(V) 

Min 

Ir 

(nA) 

Max 

(§) 

Vf 

(V) @ 

Max 

If 

mA 

c 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Family 

FDSO 1300 FAMILY 











D6 

FDSO 1301 

Single 

TO-236 

(1) 

30 

Consult Factory 

1.1 

50 




D6 

FDSO 1400 FAMILY 











D1 

FDSO 1401 

Single 

TO-236 

(1) 

200 

100 

175 

1.0 

200 

2.0 

50 


D1 

FDSO 1402 

Single 

TO-236 

(2) 

200 

100 

175 

1.0 

200 

2.0 

50 


D1 

FDSO 1403 

Series 

TO-236 

(3) 

200 

100 

175 

1.0 

200 

2.0 

50 


D1 

FDSO 1404 

Common Cathode 

TO-236 

(4) 

200 

100 

175 

1.0 

200 

2.0 

50 


D1 

FDSO 1405 

Common Anode 

TO-236 

(5) 

200 

100 

175 

1.0 

200 

2.0 

50 


D1 

FDSO 3070 

Single 

TO-236 


200 

100 

175 

1.0 

100 

5.0 

50 

(Note 2) 

D2 

FDSO 1500 FAMILY 











D2 

FDSO 1501 

Single 

TO-236 

(1) 

200 

1.0 

125 

1.0 

200 

4.0 



D2 

FDSO 1502 

Single 

TO-236 

(2) 

200 

1.0 

125 

1.0 

200 

4.0 



D2 

FDSO 1503 

Series 

TO-236 

(3) 

200 

1.0 

125 

1.0 

200 

4.0 



D2 

FDSO 1504 

Common Cathode 

TO-236 

(4) 

200 

1.0 

125 

1.0 

200 

4.0 



D2 

FDSO 1505 

Common Anode 

TO-236 

(5) 

200 

1.0 

125 

1.0 

200 

4.0 



D2 

FDSO 3595 

Single 

TO-236 


150 

1.0 

125 

1.0 200 

See1N6099 

8.0 



D2 

TEST CONDITIONS: 

Note 1: Ip = Ir = 30 mA, Rl = 100ft 

Note 2: Ip = Ir = 30 mA, Rl = 100ft 




Surface Mount Diodes 


General Purpose Diodes & Specialty Diodes (Continued) 

PLASTIC PACKAGE 



TEST CONDITIONS: 

Note 1: Ip = Ir = 10 mA, Rl = 100 ft 
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Surface Mount Devices 
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General Purpose Diodes & Specialty Diodes (Continued) 

The National “FDSO” Series provides the SOT-23 electrical equivalent of the standard devices listed. Each family is available in 5 configurations. 


FDSO1200 FAMILY 

FDSO1400 FAMILY 

FDSO1500 FAMILY 

FDSO1700 FAMILY 

1N914 

1N4149 

FDH600 

1N625 

1S922 

1N456 

1N463A 

1N4244 

1N914A 

1N4150 

FDH666 

1N626 

1S923 

1N456A 

1N482B 

1N4376 

1N914B 

1N4151 


1N627 

FDH400 

1N457 

1N483B 

FDH700 

1N916 

1N4154 


1N628 

FDH444 

1N457A 

1N484B 


1N916A 

1N4305 


1N629 


1N458 

1N485B 


1N916B 

1N4446 


1N658 


1N458A 

1N3595 


1N3064 

1N4448 


1N660 


1N459 

1N6099 


1N3600 

1N4449 


1N3070 


1N459A 

FDH300 


1N4009 

1N4450 


1S920 


1N461A 

FDH333 


1N4148 

1N4455 


1S921 


1N462A 




Configuration 

1 

2 

3 

4 

5 

PIN OUT 
DIAGRAM 

3 

rn 

3 

f 

2N/C 

TL/G/10025-2 

3 

1 N/C 2 

TL/G/10025-3 

3 

H 

1 2 

TL/G/10025-4 

3 

1 2 

TL/G/10025-5 

3 

1 2 

TL/G/10025-6 

TOP VIEW 

nm dr 

1 2 

TL/G/10025-1 





National 

Semiconductor 


Surface Mount Diodes 


Computer Diodes 

LEADLESS GLASS PACKAGE 


Device 

No. 

Package 

No. 

Bv 

(V) 

Min 

Vr 

(nA) @ 

Max 

'''= If 

Max 

c 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Famiiy 

FDLL600 

LL-34 

75 

100 50 

1.0 200 

See FDH 600 

2.5 

4.0 

(Note 1) 

D4 

FDLL 625 

LL-34 

30 

1000 20 

1.5 4.0 


50 


D4 

FDLL666 

LL-34 

40 

100 25 

1.0 100 

See FDH 666 

3.5 

4.0 

(Note 1) 

D4 

FDLL 914 

LL-34 

100 

25 20 

1.0 10 

4.0 

4.0 

(Note 2) 

D4 

FDLL 914A 

LL-34 

100 

25 20 

1.0 20 

4.0 

4.0 

(Note 2) 

D4 

FDLL914B 

LL-34 

100 

25 20 

1.0 100 

4.0 

4.0 

(Note 2) 

D4 

FDLL 916 

LL-34 

100 

25 20 

1.0 10 

2.0 

4.0 

(Note 2) 

D4 

FDLL 916A 

LL-34 

100 

25 20 

1.0 20 

2.0 

4.0 

(Note 2) 

D4 

FDLL916B 

LL-34 

100 

25 20 

1.0 30 

2.0 

4.0 

(Note 2) 

D4 

FDLL3064 

LL-34 

75 

100 50 

1.0 10 

See IN3064 

2.0 

4.0 

(Note 3) 

D4 

FDLL3600 

LL-34 

75 

100 50 

1.0 200 

See IN3600 

2.5 

4.0 

(Note 4) 

D4 

FDLL 4009 

LL-34 

35 

100 25 

1.0 30 

4.0 

4.0 

(Note 2) 

D4 

FDLL 4148 

LL-34 

100 

25 20 

1.0 10 

4.0 

4.0 

(Note 2) 

D4 

FDLL4149 

LL-34 

100 

25 20 

1.0 10 

2.0 

4.0 

(Note 2) 

D4 

FDLL4150 ' 

LL-34 

75 

100 50 

1.0 200 

2.5 

4.0 

(Note 4) 

D4 


TEST CONDITIONS: 

Note 1: Recovery to 0.1 Ip; Ip = Ip = 10 mA, Rl = lOOH 
Note 2: Ip = 10 mA, Vp = 6.0V, Rl = 100n, Recovery to 1.0 mA 
Note 3: Ip = Ip = 10 mA, Rl = 100ft, Recovery to 1.0 mA 
Note 4: Ip = Ip = 10 mA to 200 mA, Rl = 100ft, Recovery to 0.1 Ip 
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Surface Mount Devices 


Computer Diodes (continued) 

LEADLESS GLASS PACKAGE SUffSC© MOUIlt DiOClCS 

Device 

No. 

Package 

No. 

Bv 

(V) 

Min 

Vr 

(nA) @ ^ 

Max 

If 

r ® -A 

Max 

C 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Famiiy 

FDLL4151 

LL-34 

75 

50 50 

1.0 50 

4.0 

2.0 

(Note 2) 

D4 

FDLL4152 

LL-34 

40 

50 30 

0.88 20 

SeelN4152 

4.0 

2.0 

(Note 2) 

D4 

FDLL4153 

LL-34 

75 

50 50 

0.88 20 

4.0 

2.0 

(Note 2) 

D4 

FDLL4154 

LL-34 

35 

100 25 

1.0 30 

SeelN4152 

4.0 

2.0 

(Note 2) 

D4 

FDLL4305 

LL-34 

75 

100 50 

0.85 10 

2.0 

2.0 

(Note 2) 

D4 

TEST CONDITIONS: 

Note 1: Recovery to 0.1 Ip; Ip = Ip = 10 mA, Rl = lOOfl 

Note 2; Ip = 10 mA, Vp = 6.0V, Rl = 100ft, Recovery to 1.0 mA 

Note 3: Ip = Ip = 10 mA, Rl = 100ft, Recovery to 1.0 mA 

Note 4: Ip = Ip = 10 mA to 200 mA, Rl = 100ft, Recovery to 0.1 Ip 

LEADLESS GLASS PACKAGE 

Device 

No. 

Package 

No. 

By 

(V) 

Min 

Vr 

(nA) @ ” 

Max 

'''= If 

W ® mA 

Max 

C 

pF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Family 

FDLL4446 

LL-34 

100 

25 20 

1.0 20 

4.0 

4.0 

(Notel) 

D4 

FDLL4447 

LL-34 

100 

25 20 

1.0 20 

4.0 

4.0 

(Note 1) 

D4 

FDLL4448 

LL-34 

100 

25 20 

1.0 100 

2.0 

4.0 

(Note 1) 

D4 

FDLL4449 

LL-34 

100 

25 20 

1.0 30 

2.0 

4.0 

(Notel) 

D4 

FDLL4450 

LL-34 

40 

50 30 

1.0 200 

See IN4450 

4.0 

4.0 

(Note 2) 

D4 

FDLL4454 

LL-34 

75 

100 50 

1.0 10 

2.0 

4.0 

(Note 3) 

D4 

TEST CONDITIONS: 

Note 1: Ip = 10 mA, Vp = 6.0V, Rl = 100ft, Recovery to 1 mA 

Note 2: Ip = Ip = 10 mA to 200 mA, Rl = 100ft, Recovery to 0.1 Ip 

Note 3: Ip = Ip = 10 mA, Rl = 100ft, Recovery to 1.0 mA 




National 

Semiconductor 


General Purpose Diodes 

LEADLESS GLASS PACKAGE 


Device 

No. 

Package 

No. 

Bv 

(V) 

Min 

Ir 

(nA) @ 
Max 

Vr 

V 

FDLL461A 

LL-34 

30 

500 

25 

FDLL462A 

LL-34 

70 

500 

60 

FDLL463A 

LL-34 

200 

500 

175 

FDLL659 

LL-34 

60 

5000 

50 

FDLL661 

LL-34 

240 

10,000 

200 

FDLL920 

LL-34 

50 

100 

50 

FDLL 921 

LL-34 

100 

100 

100 

FDLL 922 

LL-34 

150 

100 

150 

FDLL 923 

LL-34 

200 

100 

200 


Surface Mount Diodes 


Vf 

(V) 

Max 

@ 

If 

mA 

C 

PF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Family 

1.0 


100 

10.0 



D2 

1.0 


100 




D2 

1.0 


6 




D2 

1.0 


6 




D2 

1.0 


6 




D2 

1.2 


200 




D2 

1.2 


200 




D1 

1.2 


200 




D1 

1.0 


6 




D1 
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Surface Mount Devices 





S^Sto^dUCtor Surface Mount Diodes 

Low Leakage Diodes (by Descending By) 

LEAOLESS GLASS PACKAGE 

Device 

No. 

Package 

No. 

Bv 

(V) 

Min 

Vr 

(nA) @ J* 

Max 

Vf , 

® JTa 

Max 

c 

PF 

Max 

Proc. 

Family 

FDLL300 

LL-34 

150 

1.0 125 

See iN300 

1.0 200 

6.0 

D2 

FDLL333 

LL-34 

150 

3.0 125 

See IN333 

1.05 200 

6.0 

D2 

FDLL456 

LL-34 

30 

25 25 

1.0 40 

10.0 

D2 

FDLL466A 

LL-34 

30 

25 25 

1.0 100 


D2 

FDLL457 

LL-34 

70 

25 60 

1.0 20 

8.0 

D2 

FDLL457A 

LL-34 

70 

25 60 

1.0 100 


D2 

FDLL458 

LL-34 

150 

25 125 

1.0 7 

6.0 

D2 

FDLL458A 

LL-34 

150 

5.0 125 

1.0 100 


D2 

FDLL459 

LL-34 

200 

25 175 

1.0 3.0 


D2 

FDLL459A 

LL-34 

200 

25 175 

1.0 100 


D2 

FDLL482B 

LL-34 

40 

25 36 

1.0 100 


D2 

FDLL483B 

LL-34 

80 

25 70 

1.0 100 


D2 

FDLL484B 

LL-34 

150 

25 130 

1.0 100 


D2 

FDLL485B 

LL-34 

200 

25 180 

1.0 100 


D2 

FDLL3595 

LL-34 

150 

1.0 125 

1.0 200 

8.0 

D2 

FDLL6099 

LL-34 

150 

1.0 125 

1.0 200 

8.0 

D2 
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National 

Semiconductor 


Surface Mount Diodes 


High Voltage Diodes 


LEADLESS GLASS PACKAGE 


Device 

No. 

Package 

No. 

Bv 

(V) 

Min 

Ir 

(nA) @ 
Max 

Vr 

V 

Vf 

(V) 

Max 

@ 

If 

mA 

C 

pF 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Famiiy 

FDLL400 

LL-34 

200 

100 

150 

1.0 


200 

2.0 

50 

(Note 1) 

D1 

FDLL626 

LL-34 

50 

1000 

35 

1.5 


4 


1000 

(Note 2) 

D1 

FDLL627 

LL-34 

100 

1000 

75 

1.5 


4 


1000 

(Note 2) 

D1 

FDLL 628 

LL-34 

150 

1000 

125 

1.5 


4 


1000 

(Note 2) 

D1 

FDLL629 

LL-34 

200 

1000 

175 

1.5 


4 


1000 

(Note 2) 

D1 

FDLL 658 

LL-34 

120 

50 

50 

1.0 


100 


300 

(Note 3) 

D1 

FDLL 660 

LL-34 

120 

5000 

100 

1.0 


6 


300 

(Note 4) 

D1 

FDLL 3070 

LL-34 

200 

100 

175 

1.0 


100 

5.0 

50 

(Note 5) 

D1 


TEST CONDITIONS: 

Note 1: Ip = 30 mA, Ir = 30 mA, Rl = 100ft 
Note 2: Ip = 30 mA, Vr = 35V, Recovery to 400 kft 

Note 3: Vr = 40V, Ip = 5.0 mA, Rl = 2.0 kft. Cl = 10 pF, Recovery to 80 kft 
Note 4: Vr = 35V, Ip = 30 mA, Rl = 2.0 kft. Cl = 10 pF, Recovery to 400 kft 
Note 5: Ip = Ir = 30 mA, Rl = 100ft 


CJ> 
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Surface Mount Devices 



National 

Semiconductor 


Surface Mount Diodes 


Surface Mount Monolithic Diode Arrays 


PLASTIC PACKAGES 


Device 

No. 

Config. 

Pkg. 

No. 

Bv 

V 

Min 

If 

AVp 

mV 

Max 

trr 

ns 

Max 

Test 

Cond. 

Proc. 

Family 

FASO2501 

M16 

14-SOIC 

60 

1.1 200 

1.2 300 

1.5 500 

15 

10 

(Note 1) 

D15 

FASO2503 

2M8 

14-SOIC 

60 

1.0 100 

1.1 200 

1.5 500 

15 

10 

(Note 1) 

D15 

FASO2509 

2M8 

14-SOIC 

60 

1.0 100 

1.1 200 

1.3 500 

15 

10 

(Note 1) 

D15 

FASO2510 

M16 

14-SOIC 

60 

15 

10 

(Note 1) 

D15 

FAS02563 

CC8 

14-SOIC 

60 

1.0 100 

1.1 200 

1.3 500 

15 

10 

(Note 1) 

D15 

FAS02564 

CA8 

14-SOIC 

60 

15 

10 

(Note 1) 

D15 

FAS02565 

CC13 

16-SOIC 

60 

See FAS02563/64 

15 

10 

(Note 1) 

D15 

FAS02566 

CA13 

16-SOIC 

60 

See FAS02563/64 

15 

10 

(Note 1) 

D15 

FAS02619 

S8 

16-SOIC 

100 

1.0 10 

15 

5.0 

(Note 2) 

D15 

FASO2620 

S7 

14-SOIC 

100 

1.0 10 

15 

5.0 

(Note 2) 

D15 

FAS02719 

S8 

16-SOIC 

75 

1.0 10 

15 

6.0 

(Note 2) 

D15 

FASO2720 

S7 

14-SOIC 

75 

1.0 10 

15 

6.0 

(Note 2) 

D15 


TEST CONDITIONS: 

Note 1: Ip = Ir = 10 mA to 200 mA, Rl = lOOft, Irr = 0.1 Ir Note 3: Ip = 200 mA, Ir = 200 mA, Rl = 100ft, Irr = 20 mA 

Note 2: Ip = Ir = 10 mA, Irr = 1.0 mA Note 4: Ip = Ir = 10 mA, Irr = 1.0 mA, Rl = 100ft 




National 

Semiconductor 


Saturated Swi 

itches—Nl 

PN 



Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

Icbo@Vcb 
( nA) (V) 
Max 

hpE < 
Min Max 

MMBT 706 

TO-236 

(49) 

25 

15 

5 

500 15 

20 

MMBT706A 

TO-236 

(49) 

25 

15 

5 

500 15 

20 60 

MMBT 2369 

TO-236 

(49) 

40 

15 

4.5 

400* 20 

20 

40 120 

MMBT2369A 

TO-236 

(49) 

40 

15 

4.5 

400* 20 

40 120 

30 

20 

MMBT 4274 

TO-236 

(49) 

30* 

12 

4.5 

500 20 

18 

30 

35 120 

MMBT 4275 

TO-236 

(49) 

40* 

15 

4.5 

500 20 

18 

30 

35 120 

MMBT 5134 

TO-236 

(49) 

20* 

10 

3.5 

100 15 

15 

20 150 

MMBT 5224 

TO-236 

(49) 

25 

12 

5 

500 15 

40 400 

15 

MMBT 5769 

TO-236 

(49) 

40 

15 

4.5 

400 20 

20 

30 

40 120 


CD 


Surface Mount Transistors 


^ Ic&VcE 
(mA) (V) 

VcE(SAT) 

(V) 

Max 

VbE(SAT) 

(V) 

Min Max 

ic 

^ (mA) 

Cob 

(PF) 

Max 

h 

(MHz) @ 
Min Max 

Ic 

(mA) 

‘(off) 

(ns) 

Max 

Test 

Conditions 

Process 

No. 

10 

1 

0.6 

0.7 

0.9 

10 

6 

200 

10 

75 

(Note 2) 

21 

10 

1 

0.6 

0.7 

0.9 

10 

6 

200 

10 

75 

(Note 2) 

21 

100 

2 

0.25 

0.7 

0.85 

10 

4 

500 

10 

18 

(Note 1) 

21 

10 

1 











100 

0.35 

0.2 

0.7 

0.85 

10 

4 

500 

10 

18 

(Note 1) 

21 

30 

0.4 

0.25 



30 







100 

1 

0.5 



100 







100 

1 

0.2 

0.7 

0.85 

10 

4 

400 

10 

12 

(Note 12) 

21 

30 

0.4 

0.25 


1.15 

30 







10 

1 

0.5 


1.6 

100 







100 

1 

0.2 

0.72 

0.85 

10 

4 

400 

10 

12 

(Note 12) 

21 

30 

0.4 

0.25 


1.15 

30 







10 

1 

0.5 


1.6 

100 







30 

0.4 

0.25 

0.7 

0.9 

10 

4 

250 

10 

18 

(Note 12) 

21 

10 

1 











10 

1 

0.35 


0.9 

10 

4 

250 

10 

60 

(Note 11) 

21 

100 

1 











100 

1 

0.2 

0.7 

0.85 

10 

4 

500 

10 

18 

(Note 1) 

21 

30 

0-4 

0-25 


1.5 

30 







10 

0.35 

0.5 


1.6 

100 
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Surface Mount Devices 


Saturated Switches—NPN (Continued) 


MMBT2710 TO-236 
_ (49) 

MMBT3013 TO-236 


MMBT3014 TO-236 


(49) 

MMBT3646 TO-236 
(49) 


VcEO VebO 


Ices* 

Icbo^Vcb 



Surface Mount Transistors 


Ic & VcE 


Min Max (mA) 


VCE(SAT) Vbe(SAT) , Cob h 

(V) (V) I (PF) (MHz) 

Max Min Max (lB=:j^) Max Min Max 



0.75 0.96 

_ 

0.75 0.95 
1.2 



Test 

Conditions 


Process 

No. 


MMBT5772 TO-236 
(49) 


TEST CONDITiONS: 

Note 1: Vcc = 3V, Ic = 10 mA, Ib 1 = 3 mA, Ir 2 = 1.5 mA 

Note 2: Vcc = 3V, Ic = 10 mA, Ib 1 = 3 mA, Ib 2 = 1 mA 

Note 3: Vcc = 10V, Ic = 300 mA, Ib1 = Ib^ = 30 mA 

Note 4: Vcc = 2V, Ic = 30 mA, Ib1 = Ib^ = 3 mA 


Note 5: Vcc = 25V, Ic = 300 mA, IrI = Ib^ = 30 mA 

Note 6: Vcc = 25V, Ic = 500 mA, IrI = Ib^ = 50 mA 

Note 7: Vcc = 30V, Ic = 500 mA, IrI = Ib^ = 50 mA 

Note 8; Vcc = 30V, Ic = 1 mA, IrI = Ib^ = 100 mA 


Note 9: Vcc = 3V, Ic = 10 mA, IrI = Ib^ = 1 mA 
Note 10: Vcc = 10V, Ic = 1A, Ib1 = Ib^ = 100 mA 

Note 11: Vcc = 3V, Ic = 10 mA, Ib1 = Ib^ = 3 mA 

Note 12: Vcc = 3V, Ic = 10 mA, Ib1 = Ib^ = 3.3 mA 




6-15 


Surface Mount Transistors 


RF Amplifiers and Oscillators—NPN 


Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

VCB 

Max ' ^ 

hpE @ Ic ^ ^CE 

Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) (V) @ c 

Max Min Max ' ^ 

Cob 

(PF) 

Min Max 

^T , 

(MHz) 

Min Max 

Test 

Conditions 

Max 

Process 

No. 

MMBT5179 

TO-236 

(49) 

20 

12 

2.5 

20 15 

25 250 3 1 

0.4 1.0 10 

1 

650 1700 2 


40 

MMBTH10 

TO-236 

(49) 

30 

25 

3 

100 25 

60 4 10 

0.5 0.95 4 

0.35 0.65 

650 4 


42 

MMBT918 

TO-236 

(49) 

30 

15 

3 

10 15 

20 3 1 

0.4 1.0 10 

1.7 

600 1500 4 

6 60 

43 

MMBT3563 


30 

15 

2 

50 15 

20 200 8 10 


1.7 

600 1500 4 


43 

MMBT5130 

TO-236 

(49) 

30 

12 

1 

50 10 

15 250 8 10 

0.6 1.0 10 

1.7 

450 8 


43 

MMBT H30 

TO-236 

(49) 

20 

20 

3 

50 10 

20 200 4 5 

0.3 0.96 10 



6 45 

44 

MMBT 6543 

TO-236 

(49) 

35 

20 

3 

100 25 

20 2 10 

0.35 10 


750 4 


47 

MMBTH11 

TO-236 

(49) 

30 

25 

3 

100 25 

60 4 10 

0.5 4 


650 4 


47 

MMBT H24 

TO-236 

(49) 

40 

30 

4 

50 15 

30 8 10 



400 8 


47 

MMBT H34 

TO-236 

(49) 

45 

45 

4 

50 30 

15 20 2 

40 7 15 



500 15 


47 

MMBT H20 

TO-236 

(49) 

40 

30 

4 

50 15 

25 4 10 



400 4 


49 

MMBTH81 

TO-236 

(49) 
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Surface Mount Devices 


National 

Semiconductor 


Surface Mount Transistors 


Low Level Amplifiers—NPN 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

•ces w 

Max ' ' 

hpE ® Ic A VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) (V) @ 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

*T ij. 

® (mA) 
Min Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT 930 

TO-236 

(49) 

45 

45 

5 

10 45 

600 10 5 

150 0.5 5 

100 300 0.01 5 

1.0 0.6 1.0 10 

8 

30 0.5 

3 

(Note 1) 

11 

MMBT930A 

TO-236 

(49) 

60 

45 

6 

2 45 

150 0.5 5 

100 300 0.01 5 

60 0.001 5 

600 10 5 

0.5 0.7 0.9 10 

6 

45 0.05 

3 

(Note 5) 

11 

MMBT 2484 

TO-236 

(49) 

60 

60 

6 

10 45 

250 1 5 

200 0.5 5 

0.35 1 

10 

15 0.05 

3 

(Note 1) 

11 


175 0.1 

100 500 0.01 


MMBT3117 TO-236 60 60 6 10 45 400 

(49) 200 


1 4.5 60 


MMBT 3565 

TO-236 

(49) 

30 

MMBT 4409 

TO-236 

(49) 

80 

MMBT 4410 

TO-236 

120 




MMBT 5088 


35 






100 

30 

500 

0.01 

0.001 

25 

6 

50 

25 

150 

600 

1 

50 

5 

10 

60 

60 

400 

10 

80 

5 

10 

100 

60 

400 

10 


MMBT 5089 


1 

4 

40 

240 

1 

0.8 

1 

12 

60 

300 

10 

0.8 

1 

12 

60 

300 

10 



3 

(Note 3) 


2 

(Note 3) 











Surface Mount Transistors 


Low Level Amplifiers — NPN (Continued) 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

VcB 
(nA)@ “ 

Max ' ' 

MMBT5133 

TO-236 

(49) 

20 

18 

3 

50 

15 

MMBT 5209 

TO-236 

50 

50 


50 

35 


MMBT5210 TO-236 
(49) 

MMBT5961 TO-236 
(49) 


MMBT5962 TO-236 
(49) 


TEST CONDITIONS: 

Note 1: Ic = 10 |iA, Vce = 8V, f = 10 Hz - 
Note 2: Ic = 10 /xA, Vqe = 5V, f = 1 kHz 
Note 3: Ic = 5 jaA, Vce = 5V, f = 1 kHz 
Note 4: Ic = 100 fiA, Vce = 5V, f = 10 Hz 


10 Hz -16.7 kHz 


Max (mA) 


'C&VcE 


VbE(SAT) 
(V) (§ 

Min Max 


450 

500 

550 

600 1400 


Note 5: Ic = 10 ^A, Vce = 5V, f = 10 kHz 

Note 6: Ic = 100 /xA, Vce = 6V, f = 5 kHz 

Note 7: Ic = 100 jmA, Vce = 5V, f = 1 kHz, Rs = 1 kft 

Note 8: Ic = 100 ju,A, Vce = 5V, f = 1 kHz, Rs = 10 kn 


Cob h 
(pF) (MHz) @ 

Max Min Max 








Test 

Conditions 


(Note 5) 


(Notes 7,11) 
(Note 10) 
(Note 1) 

(Notes 7,11) 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 1) 


Note 9: Ic = 100 jixA, Vce = 5V, f = 1 kHz, Rs = 100 kn 
Note 10: Ic = 10 fxA, Vce = 5V, f = 1 kHz, Rs = 10 kn 
Note 11: Ic/Ib = 20 


Process 

No. 
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Surface Mount Devices 



National 

Semiconductor 


Surface Mount Transistors 


General Purpose Amplifiers and Switches—NPN 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

■CBO 

(nA)@ 

Max 

VcB 

(V) 

hpE @ 
Min Max 

IC & VcE 
(mA) (V) 

Vb(SAT) 

(V) 

Max 

VbE(SAT) 
(V) @ 

Min Max 

ic 

(mA) 

Cob 

(PF) 

Max 

h 

(MHz) @ 
Min Max 

Ic 

(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT100 

TO-236 

75 

45 

6 

50 

60 

80 


0.1 

1 

0.2 

0.85 

10 

4.5 

250 

20 


4 

(Note 1) 

10 


(49) 






100 

450 

10 

1 


















100 


100 

1 


















100 

350 

150 

1 

0.4 

1.0 

200 








MMBT100A 

TO-236 

75 

45 

6 

50 

60 

300 

600 

10 

1 

0.2 

0.85 

10 

4.5 

250 

20 


4 

(Note 1) 

10 


(49) 






100 


100 

1 


















220 


0.1 

5 

0.4 

1.0 

200 








MMBT101 

TO-236 

75 

45 

6 

50 

60 

60 


0.1 

1 

0.2 

0.85 

10 

4.5 

250 

20 


4 

(Note 1) 

10 


(49) 






75 

375 

10 

1 


















50 


100 

1 











MMBT2218 

TO-236 

60 

30 

6 

10 

50 

20 


500 

10 

0.4 

1.3 

150 

8 

250 

20 




10 


(49) 






20 


150 

1 


















40 

120 

150 

10 


















35 


10 

10 


















25 


1 

10 


















20 


0.1 

10 

1.6 

2.6 

500 








MMBT2218A 

TO-236 

75 

40 

6 

10 

60 

25 


500 

10 

0.3 

0.6 1.2 

150 

8 



285 

■ 


10 


(49) 






20 


150 

1 


















40 

120 

150 

10 


















35 


10 

10 


















25 


1 

10 


















20 


0.1 

10 








■ 



MMBT2219 


60 

30 

5 

10 

50 

30 


500 

10 

0.4 

1.3 

150 

8 



■ 

■ 


10 








50 


150 

1 


















100 

300 

150 

10 


















75 


10 

10 


















50 


1 

10 


















35 


0.1 

10 

1.0 

2.6 

500 




■ 

■ 


















Surface Mount Transistors 

General Purpose Amplifiers and Switches—NPN (Continued) 


Type 

No. 

Case 

Style 

VcBO VcEO VebO 
(V) (V) (V) 

Min Min Min 

ICBO 

(nA)^ 

Max 

i,VcB 

(V) 

hpE @ 
Min Max 

Ic A VcE 
(mA) (Y) 

VcE(SAT) 

(V) 

Max 

VbE(SAT) 
(V) @ 

Min Max 

Ic 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

toff 

(ns) 

Max 

NF T B 

Test Process 

„ Conditions No. 

Max 

MMBT 2219A 

TO-236 

75 40 6 

10 

60 

40 


500 

10 


0.6 1.2 

150 

8 

300 

20 

285 

(Note 2) 10 


(49) 




50 


150 

1 














100 

300 

150 

10 














75 


10 

10 














50 


1 

10 














35 


0.1 

10 


2.0 

500 






MMBT 2221 

TO-236 

60 30 5 

10 

50 

20 


500 

10 

0.4 

1.3 

150 

8 

250 

20 


10 


(49) 




20 


150 

1 














40 

120 

150 

10 














35 


10 

10 














25 


1 

10 














20 


0.1 

10 

1.6 

2.6 

500 






MMBT 2221A 

TO-236 

75 40 6 

10 

60 

25 


500 

10 

0.3 

0.6 1.2 

150 

8 

300 

20 

285 

(Note 2) 10 


(49) 




40 

120 

150 

10 














35 


10 

10 














25 


1 

10 














20 


0.1 

10 

1.0 

2.0 

500 






MMBT 2222 

TO-236 

60 30 5 

10 

50 

35 


0.1 

10 

0.4 

0.6 1.2 

150 

8 

250 

20 


10 


(49) 




50 


1 

10 














75 


10 

10 














100 

300 

150 

10 














30 


500 

10 














50 


150 

1 

1.6 

2.6 

500 






MMBT 2222A 

TO-236 

75 40 6 

10 

60 

35 


0.1 

10 

0.3 

0.6 1.2 

150 

8 

300 

20 


4 (Note 3) 10 


(49) 




50 


1 

10 














75 


10 

10 














100 

300 

150 

10 














40 


500 

10 














50 


150 

1 

1.0 

2.0 

500 
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Surface Mount Devices 


Surface Mount Transistors 

General Purpose Amplifiers and Switches—NPN (Continued) 


Type 

No. 

. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@ VcB 
(nA) (V) 
Max 

hpE @ Ic & VcE 
Min Max (mA) (V) 

VcE(SAT) VbE(SAT) , 

(V) (V) @ c 

Max Min Max ' ' 

Cob 

(PF) 

Max 

h , 

(MHz) @ If 
Min Max ^ 

*off 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT2484 

TO-236 

(49) 

60 

60 

5 

10 45 

250 1 5 

800 10 5 

0.35 1 

6 



3 

(Note 13) 

10 

MMBT2924 

TO-236 

(49) 

25 

25 

5 

100 25 

150 300 2 10 

(1 kHz) 


10 





10 

MMBT3392 

TO-236 

(49) 

25 

25 

5 

100 18 

150 300 2 4.5 


10 





10 

MMBT3393 

TO-226 

(49) 

25 

25 

5 

100 18 

90 180 2 4.5 


10 





10 

MMBT 3414 

TO-226 

(49) 

25 

25 

5 

100 25 

75 225 2 4.5 

0.3 0.6 1.3 50 






10 

MMBT 3415 

TO-226 

(49) 

25 

25 

5 

100 25 

180 540 2 4.5 

0.3 0.6 1.3 50 






10 

MMBT 3416 

TO-226 

(49) 

50 

50 

5 

100 25 

75 225 2 4.5 

0.3 0.6 1.3 50 






10 

MMBT 3417 

TO-226 

(49) 

50 

50 

5 


180 540 2 4.5 

0.3 0.6 1.3 50 






10 

MMBT 3566 

TO-226 

(49) 

40 

30 

5 


150 600 10 10 

80 2 10 

1.0 100 

25 

40 30 




10 

MMBT 3641 

TO-226 

(49) 

60 


5 


15 500 10 

40 120 150 10 

0.22 150 

8 

250 50 




10 

MMBT 3642 

TO-226 

(49) 

60 

45 

5 


15 500 10 

40 120 150 10 

0.22 150 

8 

250 50 




10 

MMBT 3643 

TO-226 

(49) 

60 


5 


20 500 10 

100 300 150 10 

0.22 150 

8 

250 50 


■ 


10 
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Surface Mount Transistors 

General Purpose Amplifiers and Switches—NPN (Continued) 


No. Style 


VcEO 

(V) 

Min 

VebO 

(V) 

Min 

ICBO 
(nA) @ 
Max 

VcB 

(V) 

hpE @ 
Min Max 

Ic & VcE 
(mA) (V) 

VcE(SAT) 

(V) 

Max 

VbE(SAT) 
(V) @ 

Min Max 

*c 

(mA) 

Cob 

(pH 

Max 

fT 

(MHz) @ 
Min Max 

'c 

(mA) 

toff 

(ns) 

Max 

Test Process 

■_ ' Conditions No. 

Max 

12 

3 

50 

10 

35 

350 

50 

10 

0.25 

1.1 

150 

10 

150 

800 

50 


10 





20 


10 

10 










25 

4 

300 

15 

50 

600 

10 

10 

1.0 

1.0 

150 

35 

40 

300 

50 


10 





15 


2 

10 










20 

3 

100 

20 

20 

400 

150 

1 

0.25 

1.0 

150 

35 

40 

400 

50 


10 





20 


30 

1 










20 

3 

100 

20 

20 

400 

150 

1 

0.25 

1.1 

150 

35 

40 

400 

50 


10 





20 


30 

1 










25 

5 

100 

25 

100 

500 

10 

10 

0.25 


10 

10 



10 

20 

3 

100 

10 

50 

800 

2 

10 

0.7 

1.2 

10 

4 

150 


10 


10 


MMBT6515 TO-236 

_ ^ 

MMBT6520 TO-236 

_ ^ 

MMBT6521 TO-236 

_ 

MMBTA20 TO-236 
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Surface Mount Devices 


Surface Mount Transistors 

General Purpose Amplifiers and Switches — NPN (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

'CBO V 

<nA)@ “ 
Max ^ ' 

hpE @ *C & VCE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

Max Min Max ^ 

Cob 

(pF) 

Max 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT4400 

TO-236 

(49) 

60 

40 

6 


20 1 1 

40 10 1 

0.4 0.75 0.95 150 

0.75 1.2 500 

6.5 





13 

MMBT4401 

TO-236 

(49) 

60 

40 

6 


20 0.1 1 

40 11 

80 10 1 

100 300 150 1 

40 500 2 

0.4 0.75 0.95 150 

0.75 1.2 500 

6.5 

250 20 




13 

MMBTL01 

TO-236 

(49) 

140 

120 

5 

100 75 

50 300 10 5 

0.2 1.2 10 

0.3 1.4 50 

8 

60 10 




16 

MMBT5551 

TO-236 

(49) 

180 

160 

6 

50 120 

80 250 10 5 

30 50 5 

0.15 10 

0.20 1.0 50 

6 

100 300 10 




16 

MMBT5830 

TO-236 

(49) 

120 

100 

5 

50 100 

60 1 5 

80 500 10 5 

80 50 5 

0.15 0.8 1 

0.2 1.0 10 

0.25 1.0 50 

4 

100 500 10 


■ 


16 

MMBT5831 

TO-236 

(49) 

160 

140 


50 100 

60 1 5 

80 250 10 5 

80 50 5 

0.15 0.8 1 

0.2 1.0 10 

0.25 1.0 50 

■ 

100 500 10 


■ 


16 

MMBT5833 

TO-236 

(49) 

200 

180 

6 

10 160 

50 1 5 

50 250 10 5 

50 50 5 

0.15 0.8 1 

0.2 1.0 10 

0.25 1.0 50 

■ 

100 500 10 


■ 


16 

MMBT5965 

TO-236 

(49) 

200 

180 

5 

50 160 

50 1 5 

50 250 10 5 

50 50 5 

0.15 0.8 1 

0.2 1.0 10 

0.25 1.0 50 

■ 

100 500 10 


■ 


16 














6-23 


Surface Mount Transistors 

General Purpose Amplifiers and Switches—NPN (Continued) 


Type 

No. 

— 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

VcB 

(nA)®,®? 

Max ' ' 

hpE ® Ic A Vce 
M in Max (mA) (V) 

VCE(SAT) Vbe(SAT) , 

(V) (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

®(m% 
Min Max ' ' 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT 3693 

TO-236 

(49) 

45 

45 

4 

50 30 

40 160 10 10 


6 

200 500 10 




23 

MMBT 3694 

TO-236 

(49) 

45 

45 

4 

50 30 

100 400 10 10 


6 

200 500 10 




23 

MMBT 3903 


60 

40 



20 0.1 1 

35 1 1 

50 150 10 1 

30 50 1 

15 100 1 

0.2 0.65 0.85 10 

0.3 0.95 50 

1 

250 10 

1 



23 

MMBT 3904 

TO-236 

(49) 

60 

40 

6 


40 0.1 1 

70 1 1 

100 300 10 1 

60 50 1 

30 100 1 

0.2 0.65 0.85 10 

0.3 0.95 50 

4 

300 10 

1 


(Note 8) 

23 

MMBT 3946 

TO-236 

(49) 

60 

1 

1 


20 50 1 

50 150 10 1 

45 11 

30 0.1 1 

0.2 0.65 0.9 10 

0.3 1.0 50 

4 

250 10 

375 


(Notes 6, 7) 


MMBT 4123 

TO-236 

(49) 

40 

j^in 

H 



0.3 0.95 50 

4 

250 10 


6 

(Note 7) 


MMBT 4124 

TO-236 

(49) 

30 

25 

5 

50 20 

60 50 1 

120 360 2 1 

0.3 0.95 50 

4 

300 10 


5 

(Note 7) 

23 

MMBT 6514 

TO-236 

(49) 

40 

25 

4 

50 30 

90 100 10 

150 300 2 10 

0.5 50 

3.5 





23 


TEST CONDITIONS: 

Note 1: Ic = 300 mA, Vcc = 10V. Ib1 = Ib^ = 30 mA 
Note 2: Iq = 150 mA, Vcc = 6V, Ib^ = Ib2 = 15 mA 
Note 3: Ic = 300 mA, Vcc = 15V, IbI = Ib^ = 30 mA 
Note 4: Ic = 300 mA, Vcc = 30V, Ib^ = Ib^ = 30 mA 
Note 5: Ic = 10 mA, Vcc = 3V, Ib1 = Ib^ = 1 mA 
Note 6: Ic = 100 ftA, Vce = 5V, f = 100 Hz 
Note 7: Ic = 30 juA, Vce = 5V, f = 1 kHz 
Note 8: Ic = 100 juA, Vce = 5V, f = 1 kHz 


Note 9: Ic = 250 juA, Vce = 5V, f = 1 kHz 
Note 10: Ic = 10 jiiA, Vce = 5V, f = 1 kHz 
Note 11: Ic = 50 mA, Vcc = 30V, IbI = Ib^ = 5 mA 
Note 12: Ic = 150 mA, Vcc = 30V, Ib^ = Ib^ = 15 mA 
Note 13: Ic = 50 mA, Vcc = 10V, Ib^ = Ib^ = 5 mA 

Note 14: Ic = 500 mA, Vcc = 30V, Ib^-Ib^ = 50 mA 

Note 15: Ic = 100 fiA, Vce = 10V, f = 1 kHz 

Note 16: Ic = 200 ^lA, Vce = 5V, f = 1 kHz 


Note 17: Ic/Ib = 40 
Note 18: Ic/Ib = 20 

Note 19: Ic = 250 /xA, Vce = 5V, f = 10 Hz - 
Note 20: Ic = 250 ^A, Vce = 5V, f = 100 Hz 
Note 21: Ic = 30 juA, Vce = 5V, f = 1 kHz 
Note 22: Ic = 250 /xA, Vce = 5V, f = 10 kHz 
Note 23: Ic = 1 mA, Vce = 10V, f = 1 MHz 


saojADQ \unoyi aaeijns 
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Surface Mount Devices 



National 

Semiconductor 


Surface Mount Transistors 


Medium Power—NPN 


— 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCER* 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

ICBO@ VcB 
(nA) (V) 
Max 

hpE ® Ic A VcE 

Min Max (mA) (V) 

VCE(SAT) VbE(SAT) . 

(V) (V) @ ^ 

Max Min Max ' ' 

Cob 

(PF) 

Max 

fT 

(MHz) @ Ic 
Min Max (mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT 3568 

TO-236 

(49) 

80 

60 

5 

50 40 

40 30 1 

40 120 150 1 

0.25 150 

20 

60 600 50 




12 

MMBT3700 

TO-236 

(49) 

140 

80 

7 

10 90 

50 1 10 

90 10 10 

100 300 150 10 

50 500 10 

0.2 1.1 150 

0.5 500 

12 

100 200 5 




12 

MMBT AOS 

TO-236 

(49) 

60 

60 

4 

100 60 

50 100 1 

50 10 1 

0.25 100 


50 100 




12 

MMBTA06 

TO-236 

(49) 

80 

80 

4 

100 80 

50 100 1 

50 10 1 

0.25 100 


50 100 




12 

MMBT 3567 

TO-236 

(49) 

80 

40 

5 

50 40 

40 120 30 1 

40 150 1 

0.25 150 

20 

60 600 50 




13 

MMBT 3569 

TO-236 

(49) 

80 

40 

5 

50 40 

100 300 30 1 
100 150 1 

0.25 150 

20 

60 600 50 




13 

MMBT 6560 

TO-236 

(49) 

25 

25 

5 

100 20 

35 10 1 

50 100 1 

60 200 500 1 

0.5 1.2 500 

30 

60 10 




38 

MMBT 6561 

TO-236 

(49) 

20 

20 

5 

100 20 

35 10 1 

50 100 1 

50 200 500 1 

0.5 1.2 350 

30 

60 10 




38 

MMBTA42 

TO-236 

(49) 

300 

300 

8 

100 200 

25 1 10 

40 10 10 

40 30 10 

0.5 0.9 20 


50 10 




48 

MMBTA43 

TO-236 

(49) 

200 

200 

6 

100 160 

25 1 10 

40 10 10 

50 200 30 10 

0.4 0.9 20 


50 10 


■ 


48 
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National 

Semiconductor 


Surface Mount Transistors 
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Surface Mount Devices 



NationaB 

Semiconductor 


Surface Mount Transistors 


Saturated Swi 


tches—PNP 


Type 

No. 

Case 

Style 

VCES* 

VCBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

'CBO@ 

(nA) 

Max 

VcB 

(V) 

hpE ® 
Min Max 

ic & VcE 
(mA) (V) 

VcE(SAT) 

(V) 

Max 

VbE(SAT) 

(V) 

Min Max 

Ic 

©(■"A) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

*off 

(ns) 

Max 

Test 

Conditions 

Process 

No. 

MMBT3639 

TO-236 

6 


D 



30 

120 

10 

0.3 

0.16 





300 

10 

60 




(49) 



■■ 



20 



1 

0.5 










MMBT3640 

TO-236 

12 

12 

4 

50* 

6 

20 


50 

1 

0.2 



10 

5.5 

300 

10 

75 

(Note 7) 

65 


(49) 






30 

120 

10 

0.3 

0.6 



50 







MMBT4258 

TO-236 

12 

12 

4.5 

10* 

6 

30 

120 

10 

3 

0.15 

0.75 

0.95 

10 

3 

500 

10 

20 

(Note 6) 

65 


(49) 






15 


1 

0.5 


















30 


50 

1 

0.5 


1.5 

50 







MMBT 5228 

TO-236 

5 

5 

3 

100* 

4 

30 


10 

3 

0.4 

0.65 

1.25 

10 

5 

300 

10 



65 


(49) 




















MMBT5771 

TO-236 

15 

15 

4.5 

10 

8 

50 

120 

10 

0.3 

0.15 


0.8 

1 

3 

700 

10 

20 

(Note 6) 

65 


(49) 






40 


50 

1 

0.18 

0.8 

0.95 

10 














35 


1 

0.3 

0.6 


1.5 

50 







MMBT 5771-1 

TO-236 

15 

15 

4.5 

10 

8 

30 

150 

10 

0.3 

0.15 


0.8 

1 

3 

700 

10 

30 

(Note 6) 

65 


(49) 






20 


50 

1 

0.18 

0.8 

0.95 

10 














30 


1 

0.5 

0.6 


1.5 

50 







MMBT 5571-2 

TO-236 

15 

15 

4.5 

10 

8 

40 

150 

10 

0.3 

0.15 


0.8 

1 

3 

700 

10 

30 

(Note 6) 

65 


(49) 






30 


50 

1 

0.18 

0.8 

0.95 

10 














35 


1 

0.5 

0.6 


1.5 

50 







MMBT 5910 

TO-236 

20 

20 

4.5 

10* 

10 

30 


50 

1 

0.15 

0.75 

0.95 

10 

3 

700 

10 

20 

(Note 6) 

65 


(49) 






30 

120 

10 

0.3 


















15 


1 

0.5 

0.5 


1.5 

50 








TEST CONDITIONS: 

Note 1: Vcc = 3V, Iq = 10 mA, Ib^ = 3 mA, Ib 2 - 1.5 mA 
Note 2: Vcc 3V. Ic = 10 mA. Ib^ = 3 mA, Ib 2 = 1 mA 
Note 3: Vcc = 10V, Ic = 300 mA. Ib^ = Ib^ = 30 mA 
Note 4: Vcc = 2V, Ic = 30 mA, IbI = Ib^ = 3 mA 


Note 5: Vcc = 25V, Ic = 300 mA, IbI = Ib^ = 30 mA 

Note 6: Vcc = 25V, Ic = 600 mA. IbI = Ib2 = 50 mA 

Note 7: Vcc = 30V, Ic = 500 mA. Ib^-Ib^ = 50 mA 

Note 8: Vcc = 30V, Ic = 1A, IbI = Ib^ = 100 mA 


Note 9; Vcc = 3V, Ic = 10 mA, Ib1 = Ib^ = 1 mA 
Note 10: Vcc = 10.7V. Ic = 1A, IbI = Ib 2 = 100 mA 
Note 11: Vcc = 3V. Ic = 10 mA, Ib1 - Ib 2 = 3 mA 
Note 12: Vcc = 3V. Ic = 10 mA, Ib1 = Ib 2 = 3.3 mA 
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Surface Mount Transistors 


Low Level Amplifiers—PNP 


Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

ICBO 

(nA)@ 

Max 

VCB 

(V) 

hpE 

Min Max 

@ Ic 
(mA) 

Vce 

(V) 

VCE(SAT) 

(V) 

Max 

VbE(SAT) 

(V) 

Min Max 

@ 

(mA) 

Cob 

(PF) 

Max 

^T 

(MHz) 
Min Max 

@ ‘c 
(mA) 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT4248 

TO-236 

40 

40 

5 

10 

40 

50 


0.1 

5 

0.25 

0.9 

10 

6 

40 

0.5 



69 


(49) 






50 


1 

5 

















50 


10 

5 










MMBT4249 

TO-236 

60 

60 

5 

10 

40 

100 

300 

0.1 

5 

0.25 

0.9 

10 

6 

40 

0.5 

3 

(Note 7) 

69 


(49) 






100 


1 

5 







3 

(Note 8) 









100 


10 

5 







3 

(Note 9) 


MMBT4250 

TO-236 

40 

40 

5 

10 

40 

250 

700 

0.1 

5 

0.25 

0.9 

10 

6 

50 

0.5 

2 

(Note 7) 

69 


(49) 






250 


1.0 

5 







2 

(Note 8) 









250 


10 

5 







2 

(Note 9) 


MMBT4250A 

TO-236 

60 

60 

5 

10 

50 

250 

700 

0.1 

5 

0.25 

0.9 

10 

6 

50 

0.5 

2 

(Note 7) 

69 


(49) 






250 


1 

5 







2 

(Note 8) 









250 


10 

5 







2 

(Note 9) 


MMBT5086 

TO-236 

50 

50 

5 

10 

10 

150 

500 

0.1 

5 

0.3 


10 

4 

40 

0.5 

3 

(Note 4) 

69 


(49) 






150 


1 

5 

















150 


10 

5 







3 

(Note 3) 


MMBT 5087 

TO-236 

50 

50 

3 

10 

10 

250 

800 

0.1 

5 

0.3 


10 

4 

40 

0.5 

2 

(Note 4) 

69 


(49) 






250 


1 

5 

















250 


10 

5 







2 

(Note 3) 


MMBT5227 

TO-236 

30 

30 

3 

100 

10 

30 


0.1 

10 

0.4 

1.0 

10 

5 

100 

10 



69 


(49) 






50 

700 

2 

10 










MMBTA70 

TO-236 

40 

40 

4 

100 

30 

40 

400 

5 

10 

0.25 



50 

4 




69 


(49) 




















TEST CONDITIONS: 

Note 1: ic = 10 juA, Vce = 5V, f = 10 Hz-15.7 kHz 

Note 2: Iq = 10 ju.A, Vqe = 5V, f = 10 kHz 

Note 3: Ic = 100 {lA, Vce = 5V. f = 10 Hz-15.7 kHz 


Note 4: Ic = 20 /xA, Vce = 5V, f = 10 Hz-15.7 kHz 
Note 5: Ic/Ib = 20 

Note 6: Ic = 200 jxA, Vce = 5V, f = 1 kHz 


Note 7: Ic = 20 ju.A. Vce = 5V, f = 10 Hz-10 kHz 
Note 8: Ic = 20 jxA, Vce = 5V. f = 1 kHz 
Note 9: Ic = 250 /xA, Vce = 5V, f = 1 kHz 



National 

Semiconductor 


saojAaa )uno|/\| aoe^jns 
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Surface Mount Transistors 

General Purpose Amplifiers and Switches—PNP (Continued) 


















6-30 


Surface Mount Devices 


Surface Mount Transistors 

General Purpose Amplifiers and Switches—PNP (continued) 

Type 

No. 

Case 

Style 

VCBO* 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

Ices* 

ICBO@ VcB 
(nA) (V) 
Max 

hpE @ Ic A VcE 
Min Max (mA) (V) 

VCE(SAT) Vbe(SAT) . 

(V) (V) @ ^ 

Max Min Max ^ * 

Cob 

(PF) 

Max 

fT 

(MHz) @ Ic 
Min Max (mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT3702 

TO-236 

(49) 

40 

25 

5 

100 20 

60 300 50 5 

0.25 50 

12 

100 50 




63 

MMBT3703 

TO-236 

(49) 

50 

30 

5 

100 20 

30 150 50 5 

0.25 50 

12 

100 50 




63 

MMBT4402 

TO-236 

(49) 

40 




20 500 2 

50 150 150 2 

50 10 1 

30 1 1 

0.4 0.75 0.95 150 

0.75 1.3 500 

8.5 

150 20 


1 

(Note 4) 

63 

MMBT4403 

TO-236 

(49) 

40 

40 

5 


20 500 2 

100 300 150 2 

100 10 1 

60 1 1 

30 0.1 1 

0.4 0.75 0.95 150 

0.75 1.3 500 

8.5 

200 20 


1 

(Note 4) 

63 

MMBT5142 


20 

20 

■ 




10 

100 50 



(Note 1) 

63 

MMBT5143 


20 

20 

■ 




10 

100 50 



(Note 1) 

63 

MMBT5226 

BEH 

25 

25 

■ 


30 600 50 10 

25 10 10 

0.8 1.0 100 

20 

50 20 

■ 

■ 


63 

MMBT6502 

TO-236 

(49) 

60 

40 

1 


35 0.1 10 

50 1 10 

75 10 10 

100 300 150 10 

30 500 10 

0.4 150 

1.0 300 

8 

200 50 

1 

1 

1 

63 
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Surface Mount Transistors 

General Purpose Amplifiers and Switches—PNP (Continued) 


Type 

No. 

Case 

Style 

VCBO* 

(V) 

Min 

VCEO 

(V) 

Min 

Vebo 

(V) 

Min 

*CES* 

ICBO@ VcB 
(nA) (V) 
Max 

hpE @ Ic A VcE 
Min Max (mA) (V) 

VcE(SAT) Vbe(SAT) . 

(V) (V) @ ^ 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

fT 

(MHz) @ Ic 
Min Max (mA) 

•off 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT3251 


50 


5 

n 

30 50 1 

100 300 10 1 

80 0.1 1 

90 0.001 1 





6 


66 



40 

40 

5 

■ 

30 0.1 1 

40 1 1 

50 150 10 1 

30 50 1 

15 100 1 



200 10 


5 

(Note 8) 

66 

MMBT 3906 

TO-236 

(49) 

40 

40 

5 


60 0.1 1 

80 1 1 

100 300 10 1 

60 50 1 

30 100 1 


1 



4 


66 

MMBT4121 

TO-236 

(49) 

40 

40 

5 

25* 30 

15 50 1 

70 200 10 1 

60 1 1 

40 0.1 1 

0.13 0.75 1 

0.14 0.7 0.9 10 

0.3 1.1 50 

4.5 

400 10 

150 

4 

(Notes 8,11) 

66 

MMBT 4122 

TO-236 

(49) 

40 

40 

5 

25* 30 

30 50 1 

150 300 10 1 

150 1 1 

100 0.1 1 

0.13 0.75 1 

0.14 0.7 0.9 10 

0.3 1.1 50 

4.5 

200 10 


5 

(Note 8) 

66 


saojAdQ )uno|/\| aoeijns 
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Surface Mount Devices 


Surface Mount Transistors 

General Purpose Amplifiers and Switches—PNP (Continued) 


Type 

No. 

Case 

Style 

VCBO* 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

'CBO@ 

(nA) 

Max 

VcB 

(V) 

hpE ® 
Min Max 

Ic & VcE 
(mA) (V) 

VcE(SAT) 

(V) 

Max 

VbE(SAT) 
(V) @ 

Min Max 

Ic 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT200A 

TO-236 

60 

45 

6 

50 

50 

300 

600 

10 

1 

0.2 

0.85 

10 

6 

250 

20 




68 


(49) 






100 


100 

1 


















250 


0.1 

1 

0.4 

1.0 

200 








MMBT201 

TO-236 

100 

80 

6 

50* 

60 

60 


0.1 

1 

0.2 

0.85 

10 

4.5 

100 

10 


4 

(Note 8) 

68 


(49) 






75 

375 

10 

1 


















50 


100 

1 

0.4 

1.0 

100 








MMBT3962 

TO-236 

60 


6 

10* 

50 

100 


10 

5 

0.4 

0.95 

50 

6 






68 


(49) 






90 


50 

5 











MMBT4143 

TO-236 

60 

40 

6 



30 


500 

10 

0.4 

1.3 

150 

8 

200 

50 

100 


(Note 12) 

68 


(49) 






60 


150 

1 


















100 

300 

100 

10 


















75 


10 

10 


















60 


1 

10 


















25 


0.1 

10 

1.6 

2.6 

500 








MMBT4291 

TO-236 

40 

30 

6 

200 

30 

100 

300 

100 

10 

0.4 

1.5 

100 

10 

100 

10 




68 


(49) 






50 


10 

10 


















30 


0.1 

10 











MMBT 5447 

TO-236 

40 

25 

5 



50 

300 

50 

5 

0.25 


50 

12 

100 

50 




68 


(49) 






















6-35 


Surface Mount Transistors 


General Purpose Amplifiers and Switches—PNP (Continued) 


Type 

No. 

Case 

Style 

VcBO* 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@ 

(nA)^ 

Max 

VcB 

(V) 

hpE ® 
Min Max 

Ic & Vce 
( mA) (V) 

VcE(SAT) 

(V) 

Max 

VbE(SAT) 
(V) @ 

Min Max 

Ic 

(mA) 

Cob 

(PF) 

Max 

^T 

(MHz) @ 
Min Max 

Ic 

(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

MMBT3467 

(TO-236) 

40 

40 

5 

100 

30 

40 


1 

5 

0.3 

1.0 

150 

25 

175 


50 

90 


(Note 4) 

70 


(49) 






40 

100 

500 

1 



















40 


150 

1 

0.5 

0.8 1.2 

500 









MMBT4888 

TO-236 

150 

150 

6 

50 

100 

30 


1 

10 

0.5 


10 

4 

30 

160 

1 




74 


(49) 






40 

400 

10 

10 












MMBT4889 

TO-236 

150 

150 

6 

10 

100 

60 


0.1 

10 

0.5 


10 

4 

40 

160 

1 


4 

(Note 19) 

74 


(49) 






70 


1 

10 









10 

(Note 20) 









80 

300 

10 

10 









3 

(Note 21) 





















3 

(Note 22) 





















4 

(Note 23) 


MMBT 5400 

TO-236 

130 

120 

5 

100 

100 

40 


50 

5 

0.2 

1.0 

10 

6 

100 

400 

10 


8 

(Note 9) 

74 


(49) 






40 

180 

10 

5 



















30 


1 

5 

0.5 

1.0 

50 









MMBT 5401 

TO-236 

160 

150 

5 

50 

120 

50 


50 

5 

0.2 

1.0 

10 

6 

100 

300 

10 


8 

(Note 9) 

74 


(49) 






60 

240 

10 

5 



















50 


1 

5 

0.5 

1.0 

50 









MMBT L51 

TO-236 

100 

100 

4 

1 juiA 

50 

40 

250 

50 

5 

0.25 

1.2 

10 

8 

60 


10 




74 


(49) 










0.3 

1.2 

50 









MMBTH81 

TO-236 

20 

20 

3 

100 

10 

60 


5 

10 

0.5 


5 

0.85 

600 


5 




75 


(49) 





















MMBTA92 

TO-236 

300 

300 

5 

250 

200 

25 


1 

10 

0.5 

0.9 

20 

6 

50 


10 




76 


(49) 






40 


10 

10 



















25 


30 

10 












MMBTA93 

TO-236 

200 

200 

5 

250 

160 

25 


1 

10 

0.5 

0.9 

20 

8 

50 


10 




76 


(49) 






40 


10 

10 



















25 

150 

30 

10 













TEST CONDITIONS: 

Note 1: Ic = 300 mA, Vcc = 10V, Ib^ = Ib^ = 30 mA 
Note 2: Ic = 100 mA, Vcc = 5V, Ib1 = Ib^ = 15 mA 
Note 3: Ic = 300 mA, Vcc = 15V, Ib^ = Ib^ = 30 mA 
Note 4: Ic = 300 mA, Vcc = 30V, Ib^ = Ib^ = 30 mA 
Note 5: Ic = 10 mA, Vcc = 3V, Ib^ = Ib^ = 1 mA 
Note 6: Ic = 100 /iA, Vce = 5V, f = 100 Hz 
Note 7: Ic = 30 fiA, Vce = 5V, f = 1 kHz 
Note 8 : Ic = 100 jmA, Vce = 5V, f = 1 kHz 


Note 9: Ic = 250 }iA, Vce = 5V, f = I kHz 
Note 10: Ic = 10 juA, Vce = 5V, f = 1 kHz 
Note 11: Ic = 50 mA, Vcc = 30V, Ib^ = Ib^ = 5 mA 
Note 12: Ic = 150 mA, Vcc = 30V. Ib^ = Ib 2 = 15 mA 
Note 13: Ic = 50 mA, Vcc = 10V. Ib^ = Ib^ = 5 mA 
Note 14: Ic = 500 mA, Vcc = 30V, Ib^ = Ib^ = 50 mA 
Note 15: Ic - 100 ju-A, Vce = 10V, f = 1 kHz 
Note 16: Ic = 200 /xA, Vce = 5V. f = 1 kHz 


Note 17: Ic/Ib = 40 
Note 18: Ic/Ib = 20 

Note 19: ic = 250 /lA, Vce = 5V, f = 10 Hz-10 kHz 
Note 20: ic = 250 fiA, Vqe = 5V, f = 100 Hz 
Note 21: Ic = 30 (lA, Vce = 5V, f = 1 kHz 
Note 22: ic = 250 jaA, Vce = 5V, f = 10 kHz 
Note 23: Ic = 1 mA, Vce = 10V, f = 1 MHz 
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Surface Mount Devices 


1 

























^^Nahonal 

Jiil Semiconductor 








Surface Mount JFETs 







N-Channel Switches/Choppers 




















Type 

No. 

Case 

Style 

BVgss 

BVqdO 

(V)@Ig 
M in (juiA) 

Igss 
*Idgo 
( nA) @ Vdg 
M ax (V) 

*D(off) 
(nA)@VDS 
Max (V) 

Vgs 

(V) 

Vp 

(V) @ Vds 
M in Max (V) 

Id 

(nA) 

loss 

(mA) @ Vds 
M in Max (V) 

i‘ds(on) 
(ft) @ Id 
M ax (mA) 

Ciss 
(PF)@Vds 
M ax (V) 

Vgs 

(V) 

Crss 
(pF) @ Vds 
M ax (V) 

Vgs 

(V) 

ton 

(ns) 

Max 

toff 

(ns) 

Max 

Process 

No. 

MMBF4391 

TO-236 

(49) 


B 

20 

0.1 

20 

12 

4 

10 

20 

1 

50 

150 

20 

30 1 

14 



3.5 

0 

12 

20 


51 

MMBF4393 

TO-236 

(49) 


B 

20 

0.1 

20 

5 



20 

1 

■ 

30 

20 

100 1 

14 

20 

0 

3.5 

0 

5 

20 

1 

51 

MMBFJ113 

TO-236 

(49) 

40 1 

0.1 

20 

0.1 

20 

5 

0.5 

3 

5 

1000 

5 

30 

20 

100 0.10 

lot 

0 

10 

15 

0 

10 

13t 

35t 

51 

MMBF4391 

TO-236 

(49) 

40 1 

0.1 

20 

0.1 

20 

-12 

4 

10 

20 

1 

50 

150 

20 

30 

14 

20 

0 

3.5 

0 

-12 

20 

35 

51 

MMBF4393 

TO-236 

(49) 

40 1 

0.1 

20 

0.1 

20 

-5 

0.5 

3 

20 

1 

5 

30 

20 

100 

14 

20 

0 

3.5 

0 

-5 

55 

130 

51 

MMBFJ113 

TO-236 

(49) 

35 1 

1 

15 

1 

5 

-10 

0.5 

3 

5 

1000 

2 


15 

100 1 

lot 

0 

-10 

15 

0 

-10 

13t 

35t 

51 


t = typical 
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National 

Semiconductor 


Surface Mount JFETs 


N-Channel Wide Band—Low Noise Duai JFETs 


Type 

No. 

Case 

Style 

1 Operating Conditions for These Characteristics | 

Vp 

(V) 

Min Max 

loss 
(mA) 
Min Max 

Gfs 

(mmho) 
Min Max 

Goss 

(jbimho) 

Max 

less 

(pA @ Vdg 
M ax (V) 

Gjss Grss BV 
(PF)(PF) (V) 
Min Max Min 

ep 

(nV/V^Hz) @ f 
Max (Hz) 

•dSS Gfs G 08 CI -2 Ig 1-IG2 
Match Match (^mho) 125X 
% % (nA) 

Process 

No. 

Pkg. 

No. 

Op* IVGS 1 - 2 I Orift 

Char. Vos (f^V/X) ® 

Vdg Id (mV) AVgs 

(V) (jmA) Max Max 

Ofs 

fjinthos 
Min Max 

®oss CMRR Vgs 
(ftmho) (dB) (V) 
Max Min Min Max 

MMBF 5911 

8SOIC 

10 5000 10 20 100 

5000 10,000 

100 0.3 4 

1 5 

7 40 



100 16 

5 1.2 25 

20 10,000 

5 5 20 20 

93 

SI 

MMBF 5911 

8SOIC 

10 5000 10 20 100 

500010,000 

100 0.3 4 

1 5 

7 40 



100 16 

5 1.2 25 

20 10,000 

5 5 20 20 

93 

SI 


CJ> 
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Surface Mount Devices 



P-Channel Switches and Choppers 













Section 7 Contents 

Diode Pro-Electron Series. 7-3 

Bipolar Pro-Electron Series. 7-5 

JFET Pro-Electron Series. 7-26 


7-2 







National 

Semiconductor 



Vrrm 

Irrm 

Part No. 

(V) 

(nA) 

Min 

Max 

BA128 

75 

100 

BA129 

200 

50 

BA130 

30 

100 

BA217 

30 

50 

BA218 

50 

50 

BA316 

10 

200 

BA317 

30 

200 

BA318 

50 

200 

BAS16 

75 

1000 

BAS19 

100 

100 

BAS20 

150 

100 

BAS21 

200 

100 

BAS29 

90 


BAS31 

90 


BAS35 

90 


BAV17 

25 

100 

BAV18 

60 

100 

BAV19 

120 

100 

BAV20 

200 

100 

BAV21 

250 

100 

BAV70 

70 

5000 

BAV74 

50 

100 

BAV99 

70 

2500 

BAW56 

70 

2500 

BAW62 

75 

25 

BAW75 

35 

100 

BAW76 

75 

100 

BAX13 

50 

200 

BAX16 

180 

100 



Diode Pro Electron Series 


Vfm 

(V) 

Max 

'f 

(tnA) 

trr 

(ns) 

Max 

Package 

1.0 

50 


DO-35 

1.0 

100 


DO-35 

1.0 

10 


DO-35 

1.0 

10 


DO-35 

1.0 

10 


DO-35 

0.85 

10 

4.0 

DO-35 

0.85 

10 

4.0 

DO-35 

0.85 

10 

4.0 

DO-35 

1.1 

50 

6.0 

TO-236 

1.0 

100 

50 

TO-236 

1.0 

100 

50 

TO-236 

1.0 

100 

50 

TO-236 

0.84 

50 


TO-236 

0.84 

50 


TO-236 

0.84 

50 


TO-236 

1.0 

100 

50 

DO-35 

1.0 

100 

50 

DO-35 

1.0 

100 

50 

DO-35 

1.0 

100 

50 

DO-35 

1.0 

100 

50 

DO-35 

1.1 

50 

6.0 

TO-236 

1.0 

100 

4.0 

TO-236 

1.1 

50 

6.0 

TO-236 

1.1 

50 

6.0 

TO-236 

1.0 

100 

4.0 

DO-35 

1.0 

30 

2.0 

DO-35 

1.0 

100 

2.0 

DO-35 

1.0 

20 

4.0 

DO-35 

1.5 

200 

120 

DO-35 


sauas uoj)oai 3 ojd apoiQ 




Diode Pro Electron Series 


Vfm 

(V) 

Max 

@ 

If 

(mA) 

trr 

(ns) 

Max 

Package 

1.0 


100 

50 

DO-35 

1.0 


20 

2.0 

DO-35 

1.0 


100 

50 

DO-35 

1.0 


200 

3.0 

DO-35 

1.1 


300 

4.0 

DO-35 

1.0 


150 

50 

DO-35 

1.0 


20 

0.75 

DO-7 




^ slSSS^uctor 


Type 

No. 

Case 

Style 

VcES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

'CBO@ 

(nA) 

Max 

VcB 

(V) 

HpE 

hfe @ 
1 kHz* 

Min Max 

Ic 

(mA) 

VCE 

(V) 

VCE(SAT) 
(V) & 
Max 

VbE(SAT) 
VbE(ON)* @ 
(V) 

Min Max 

Ic 

(mA) 

Cob 

(PF) 

Max 

(MHz) @ 

Min Max ^ 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC327 

TO-92 

50* 

45 

5 

o 

o 

45 

40 


300 

1 

0.7 


500 






67 


(97) 






100 

600 

100 

1 


1.2* 

300 







BC327A 

TO-92 

60* 

60 

5 

100* 

45 

40 


300 

1 

0.7 


300 






67 


(97) 






100 

400 

100 

1 


1.2* 

500 







BC327-10 

TO-92 

50* 

45 

5 

100* 

45 

40 


300 

1 

0.7 


500 






67 


(97) 






63 

160 

100 

1 


1.2* 

300 







BC327-16 

TO-92 

50* 

45 

5 

100* 

45 

40 


300 

1 

0.7 


500 






67 


(97) 






100 

250 

100 

1 


1.2* 

300 







BC327-25 

TO-92 

50* 

45 

5 

100* 

45 

40 


300 

1 

0.7 


500 






67 


(97) 






160 

400 

100 

1 


1.2* 

300 







BC328 

TO-92 

30* 

25 

5 

100* 

25 

40 


300 

1 

0.7 


500 






67 


(97) 






100 

600 

100 

1 


1.2 

300 







BC328-10 

TO-92 





25 

40 



D 

0.7 


500 






67 


(97) 






63 

160 


H 


1.2 

■CltHM 







BC328-16 

TO-92 





25 

40 












67 


(97) 






100 

250 












BC328-25 

TO-92 





25 

40 




0.7 


500 






67 


(97) 






160 

400 




1.2 

300 







BC337 

TO-92 





20 

100 

600 



0.7 


500 






12 


(97) 






40 













BC337A 

TO-92 





20 

100 

400 



0.7 


500 






12 


(97) 






40 













BC337-16 

TO-92 





20 

100 

250 



0.7 


500 






12 


(97) 






40 













BC337-25 

TO-92 





20 

160 

400 

100 




500 






12 


(97) 






40 


500 
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Bipolar Pro Electron Series 


Bipolar Pro Electron Series (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@ VcB 
(nA) (V) 
Max 

HpE 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

S?. .0 

M», W (mA) 

Cob 

(PF) 

Max 

’t I 

Min Max ' 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC338 

TO-92 

(97) 

30* 

20 

5 

100 20 

100 600 100 1 

40 500 1 

0.7 500 






12 

BC338-16 

TO-92 

(97) 

30* 

20 

5 

100 20 

100 250 100 1 

40 500 1 

0.7 500 






12 

BC338-25 

TO-92 

(97) 

30* 

20 

5 

100 20 

100 250 100 1 

40 500 1 

0.7 500 






12 

BC368 

TO-92 

(94) 

25* 

20 

5 

lOjLtA 25 

60 5 10 

85 375 500 1 

60 1A 1 

0.5 1A 






37 

BC369 

TO-92 

(94) 

25* 

20 

5 

10/xA 25 

50 5 10 

85 375 500 1 

60 1A 1 

0.5 1A 






77 

BC546 

TO-92 

(97) 

80 

65 

6 

15 30 

110 800 2 5 

0.25 10 

0.6 100 




10 

(Notes 1,11) 

11 

BC546A 

TO-92 

(97) 

80 

65 

6 

15 30 

110 0.01 5 

220 2 5 

0.25 10 

0.6 100 




10 

(Notes 1,11) 

11 

BC546B 

TO-92 

(97) 

80 

65 

6 

15 30 

200 0.01 5 

450 2 5 

0.25 10 

0.6 100 




10 

(Notes 1,11) 

11 

BC547 

TO-92 

(97) 

50 

45 

6 

10 20 

125 900* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Notes 1,11) 

10 

BC547A 

TO-92 

(97) 

50 

45 

6 

10 20 

125 260* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Notes 1,11) 

10 

BC547B 

TO-92 

(97) 

50 

45 

6 

10 20 

240 500* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Notes 1,11) 

10 

BC547C 

TO-92 

(97) 

50 

45 

5 

15 30 

420 900 2 5 

0.25 0.77* 10 

0.6 100 
0.55 0.70* 2 

4.5 



10 

(Notes 1,11) 

10 




Bipolar Pro Electron Seri 

6S (Continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBOgVcB 
(nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 

Min Max 

VCE,SAT, V < 1 

(L & VbE(ON) @ Ic 

Max 

Min Max 

Cob 

(pF) 

Max 

't Ic 

®(mA) 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC548 

TO-92 

(97) 

30 

20 

5 

10 20 

125 900* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Note 1) 

10 

BC548A 

TO-92 

(97) 

30 

20 

5 

10 20 

125 260* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Note 1) 

10 

BC548B 

TO-92 

(97) 

30 

20 

5 

10 20 

240 500* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Note 1) 

10 

BC548C 

TO-92 

(97) 

30 

20 

5 

10 20 

450 900* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



10 

(Note 1) 

10 

BC549 

TO-92 

(97) 

30 

20 

5 

10 20 

240 900* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



4 

(Note 1) 

10 

BC549B 

TO-92 

(97) 

30 

20 

5 

10 20 

240 500* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 

4.5 



4 

(Note 1) 

10 

BC549C 

TO-92 

(97) 

30 

20 

5 

10 20 

450 900* 2 5 

0.25 0.77* 10 

100 

0.55 0.70* 2 

4.5 



4 

(Note 1) 

10 

BC550 

TO-92 

(97) 

50 

45 

5 

10 45 

240 900* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 




3 

(Note 1) 

10 

BC550B 

TO-92 

(97) 

50 

45 

5 

10 45 

240 500* 2 5 

0.25 0.77* 10 

0.6 100 

0.55 0.70* 2 




3 

(Note 1) 

10 

BC556 

TO-92 

(97) 

80 

65 

5 

15 30 

75 475 2 5 

0.3 10 

0.65 100 




10 

(Notel) 

1 69 
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Bipolar Pro Electron Series (Continued) 


Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

HfE 

hfe @ Ic VcE 

1 kHz* (mA) (V) 

Min Max 

VCE,SAT, , 

' ’ (V) (mA) 

” Min Max 

Cob 

(PF) 

Max 

1 

(MHz) @ 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC559B 

TO-92 

(97) 

25 

20 

5 

100 20 

240 500* 2 5 

0.3 0.82* 10 

0.65 100 

0.6 0.75* 2 




4 

(Note 1) 

68 

BC559C 

TO-92 

(97) 

25 

20 

5 

100 20 

450 900* 2 5 

0.3 0.82* 10 

0.65 100 

0.6 0.75* 2 




4 

(Note 1) 

68 

BC560 

TO-92 

(97) 

50 

45 

5 

100 45 

125 500* 2 5 

0.3 0.82* 10 

0.65 100 

0.6 0.75* 2 




3 

(Note 1) 

68 

BC560B 

TO-92 

(97) 

50 

45 

5 

100 45 

240 500* 2 5 

0.3 0.82* 10 

0.65 100 

0.6 0.75* 2 




3 

(Note 1) 

68 

BC635 

TO-92 

(94) 

45 

45 

5 


25 5 2 

40 250 150 2 

25 500 2 

0.5 500 






38 

BC636 

TO-92 

(94) 

45 

45 

5 

100 30 

25 5 2 

40 250 150 2 

25 500 2 

0.5 500 






78 

BC637 

TO-92 

(94) 

60 

60 

5 


25 5 2 

40 250 150 2 

25 500 2 

0.5 500 






38 

BC638 

TO-92 

(94) 

60 

60 

5 

100 30 

25 5 2 

40 250 150 2 

25 500 2 

0.5 500 






78 

BC639 

TO-92 

(94) 

100 

80 

5 


25 5 2 

40 250 150 2 

25 500 2 

0.5 500 






39 

BC640 

TO-92 

(94) 

100 

80 

5 

100 30 

25 5 2 

40 250 150 2 

25 500 2 

0.5 500 






79 

BC807 

TO-236 

(49) 

50* 

45 

5 

100 20 

100 600 100 1 

40 500 1 

0.7 500 






67 
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Bipolar Pro Electron Series 


Bipolar Pro Elect 

tron Series (Continued) 

Type 

No. 

Case 

Style 

VcES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

HfE 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

‘ ’ (V) (mA) 

"" Min Max 

Cob 

(PF) 

Max 

’t , 

®(n^) 

Min Max ' * 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC807-16 

TO-236 

(49) 

50* 

45 

5 

100 20 

100 250 100 1 

40 500 1 

0.7 500 






67 

BC807-25 

TO-236 

(49) 

50* 

45 

5 

100 20 

160 400 100 1 

40 500 1 

0.7 500 






67 

BC807-40 

TO-236 

(49) 

50* 

45 

5 

100 20 

250 600 100 1 

40 500 1 

0.7 500 






67 

BC808 

TO-236 

(49) 

30* 


B 

Bi 

100 600 100 1 

40 500 1 

0.7 500 






67 

BC808-16 

TO-236 

(49) 

30* 

25 

B 

n 

100 250 100 1 

40 500 1 

0.7 500 






67 




B 

B 

100 20 

160 400 100 1 

40 500 1 

0.7 500 






67 

BC808-40 



B 

B 

100 20 

250 600 100 1 

40 500 1 

0.7 500 






67 




B 

B 

100 20 

100 600 100 1 

40 500 1 

0.7 500 






12 

BC817-16 

TO-236 

(49) 

iQjiii 

B 

B 

100 20 

100 250 100 1 

40 500 1 

0.7 500 






12 

BC817-25 


30* 

25 

5 

100 20 

160 400 100 1 

40 500 1 

0.7 500 






12 

BC817-40 

m&Sm 

30* 

25 

5 

100 20 

250 600 100 1 

40 500 1 

0.7 500 






12 

BC818 

TO-236 

(49) 

imii 

B 

B 

im 

100 600 100 1 

40 500 1 

0.7 500 



■ 



12 

BC818-16 



B 

B 

n 

100 250 100 1 

40 500 1 

0.7 500 






12 

BC818-25 

KB 




100 20 

160 400 100 1 

40 500 1 

0.7 500 






12 
















































' ' (V) 

M- M 

Mm Max 

Ic 

(mA) 

Cob 

(PF) 

Max 

fj 

(MHz) @ 
Min Max 

>C 

(mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

0.7 

500 






12 

0.25 

10 







11 

0.6 

100 








0.25 

10 







11 

0.6 

100 








0.25 

10 







11 

0.6 

100 








0.25 

10 





B 


10 

0.6 

100 





fl 



0.25 

10 





B 


10 

0.6 

100 





■ 



0.25 

10 







B 

0.6 

100 







B 

0.25 

10 








0.6 

100 







B 

0.25 

10 





10 

(Note 1) 

B 

6 

100 








0.25 

10 





10 

(Note 1) 

10 

6 

100 








0.25 

10 





10 

(Note 1) 

10 

6 

100 
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Bipolar Pro Electron Series 


Bipo 

ar Pro Eleci 

tron SsriCS (continued) 

Type 

No. 

Case 

Style 

VCES* 

VCBO 

(V) 

Min 

VcEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

HpE 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 


Cob 

(PF) 

Max 

>> 1 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC849 

TO-236 

(49) 

30 

30 

5 

15 30 

200 0.01 5 

800 2 5 

0.25 10 

6 100 




4 

(Note 1) 

10 

BC849B 

TO-236 

(49) 

30 

30 

5 

15 30 

200 0.01 5 

450 2 5 

0.25 10 

0.6 100 




4 

(Note 1) 

10 

BC849C 

TO-236 

(49) 

30 

30 

5 

15 30 

420 0.01 5 

800 2 5 

0.25 10 

0.6 100 




4 

(Note 1) 

10 

BC850 

TO-236 

(49) 

50 

45 

5 

15 30 

200 0.01 5 

800 2 5 

0.25 10 

0.6 100 




3 

(Note 1) 

10 

BC850-B 

TO-236 

(49) 

50 

45 

5 

15 30 

200 0.01 5 

450 2 5 

0.25 10 

6 100 





(Note 1) 

10 

BC856 

TO-236 

(49) 

80 

65 

5 

15 30 

75 475 2 5 

0.3 10 

0.65 100 




10 

(Notel) 

69 

BC856-A 

TO-236 

(49) 

80 

65 

■ 

15 30 

125 250 2 5 

0.3 10 

0.65 100 

■ 



10 

(Note 1) 

69 

BC856-B 

TO-236 

(49) 

80 

65 

■ 

15 30 


0.3 10 

0.65 100 

■ 



10 

(Note 1) 

69 

BC857 

TO-236 

(49) 


■ 

5 

■ 


0.3 10 

0.65 100 

■ 



10 

(Note 1) 

68 

BC857-A 



■ 

5 

■ 


0.3 10 

0.65 100 

■ 



10 

(Note 1) 

68 













7-13 


Bipo 

ar Pro Elect 

Iron Series (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

ICBO@VcB 
(nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

vcE,sAT) , 

L Vbe(ON) @ Ic 

(i,; (V) (mA) 

Min Max 

Cob 

(PF) 

Max 

Min Max ^ ' 

*off 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BC857-B 

TO-236 

(49) 

50 

45 

5 

15 30 

220 475 2 5 

0.3 10 

0.65 100 




10 

(Note 1) 

68 

BC858 

TO-236 

(49) 

30 

30 

5 

15 30 

75 800 2 5 

0.3 10 

0.65 100 




10 

(Note 1) 

68 

BC858-B 


■ 

30 


15 30 

220 475 2 5 

0.3 10 

0.65 100 




10 

(Note 1) 

68 

BC858-C 

TO-236 

(49) 

■ 

■ 


15 30 

420 800 2 5 

0.3 10 

0.65 100 

■ 





68 

BC859 

TO-236 

(49) 

30 

H 


15 30 

220 800 2 5 

0.65 100 

■ 



B 


68 

BC859-A 

TO-236 

(49) 

30 

H 


15 30 

125 250 2 5 

0.65 100 




B 


68 

BC859-B 

TO-236 

(49) 

30 

H 

B 

15 30 

220 475 2 5 

0.65 100 




4 

(Note 1) 

68 

BC859-C 

TO-236 

(49) 

30 

H 

B 

15 30 

420 800 2 5 

0.65 100 

■ 



4 

(Note 1) 

68 

BC860 

TO-236 

(49) 

50 

1 

1 

15 30 

220 800 2 5 

0.3 10 

0.65 100 

■ 



■ 

(Note 1) 

68 

BC860-B 

TO-236 

(49) 

50 

45 


15 30 

220 475 2 5 

0.3 10 

0.65 100 

■ 



■ 

(Note 1) 

68 

BCF29 


32 

32 

5 

100 32 

120 0.01 5 

260 2 5 

0.3 10 

B 



4 

(Note 1) 

68 

BCF30 


32 

32 

5 

100 32 

200 0.01 5 

450 2 5 

0.25 10 

■ 



4 

(Note 1) 

68 

BCF32 

TO-236 

(49) 

50 

45 

5 

100 20 

215 0.01 5 

500 2 5 

0.3 10 

B 



B 


10 

:_I 
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Bipolar Pro Electron Series 


Bipolar Pro Electron Seri 

GS (Continued) 

Type 

No. 

Case 

style 

VcES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

ICBO@VcB 
(nA) (V) 
Max 

HpE 

hfe @ ic VcE 

1 kHz* (mA) (V) 

Min Max 

VCE,SAT) , 

' ; (V) (mA) 

” Min Max 

Cob 

(PF) 

Max 

‘t I 

(MHz) 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BCF33 




H 


200 0.01 5 

450 2 5 

0.3 10 

■ 



H 


10 

BCF70 

TO-236 

(49) 


45 

1 


215 0.01 5 

500 2 5 

0.3 10 

■ 



B 


10 

BCV26 

TO-236 

(49) 

■ 

30 



4,000 1 5 

10,000 10 5 

20,000 100 5 

1.0 1.5 100 





■ 

61 

BCV27 

TO-236 

(49) 

40 

30 

10 

100 30 

4,000 1 5 

10,000 10 5 

20,000 100 5 

1.0 1.5 100 




■ 

■ 

05 

BCV71 


80 



100 20 

110 220 2 5 

0.25 10 




B 

(Note 1) 

11 

BCV72 





100 20 

200 450 2 5 

0.25 10 




g 


11 

BCW29 





100 32 

120 0.01 5 

260 2 5 

0.3 10 






68 

BCW30 

RSI 




100 32 

215 0.01 5 

500 2 5 

0.3 10 




10 


68 

BCW31 

RSI 




100 32 

150 0.01 5 

270 2 

0.25 10 




10 


10 

BCW32 

TO-236 

(49) 




100 32 

200 0.01 5 

420 2 

0.25 10 






10 

BGW33 

TO-236 

(49) 




100 32 

450 0.01 5 

800 2 

0.25 10 






10 

BCW60 

TO-236 

(49) 




20 32 

50 50 1 

120 630 2 5 

0.35 0.6 0.85 50 


125 10 




10 ■ 

BCW61 

TO-236 

(49) 




20 32 

50 50 1 

120 630 2 5 

0.25 0.6 0.85 50 




B 


68 

BCW65 

TO-236 

(49) 


■ 


20* 32 

35 0.1 10 

75 220 10 1 

100 250 100 1 

35 500 1 

2.0 500 

12 

100 20 




10 
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Bipolar Pro Electron Series (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

•CES* 

ICBO @ VcB 
(nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

VCE(SAT) , 

00 & @ 'c 

' ’ (V) (mA) 

Min Max 

Cob 

(PF) 

Max 

(MHz) @ C 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BCW66 

TO-236 

(49) 

75 

45 

5 

20* 45 

35 0.1 10 

75 10 1 

100 250 100 1 

35 500 1 

2.0 500 

12 

100 20 


10 

(Note 1) 

10 

BCW68 

TO-236 

(49) 

75 

45 

5 

20* 45 

35 0.1 10 

75 10 1 

100 250 100 1 

35 500 1 

2.0 500 

12 

100 20 


10 

(Note 1) 

10 

BCW69 

TO-236 

(49) 

50 

45 

5 

100 20 

120 260 2 5 

0.3 10 




10 

(Note 1) 

68 

BCW70 

TO-236 

(49) 

50 

45 

5 

100 20 

215 500 2 5 

0.3 10 




10 

(Note 1) 

68 

BCW71 

TO-236 

(49) 

50 

45 

5 

100 20 

110 220 2 5 

0.25 10 




10 


68 

BCW72 

TO-236 

(49) 

50 

45 

5 

100 20 

200 450 2 5 

0.25 10 




10 

(Note 1) 

68 

BCW81 

TO-236 

(49) 

50 

45 

5 

100 20 

420 800 2 5 

0.25 10 




10 

(Note 1) 

10 

BCW89 

TO-236 

(49) 

80 

60 

5 

100 20 

120 260 2 5 

0.3 10 




10 

(Note 1) 

68 

BCX17 

TO-236 

(49) 

50* 

45 

5 

100 20 

100 600 100 1 

70 300 1 

40 500 1 

0.62 500 

■ 





67 

BCX18 

TO-236 

(49) 

30* 

25 

5 

100 20 

100 600 100 1 

70 300 1 

40 500 1 

0.62 500 

■ 





67 

BCX19 

TO-236 

(49) 

50* 

45 

5 

100 20 

100 600 100 1 

70 300 1 

40 500 1 

0.62 1.2 500 

■ 





12 

BCX20 

TO-236 

(49) 

30* 

25 

5 

100 20 

100 600 100 1 

70 300 1 

40 500 1 

0.62 1.2 500 

■ 





12 

_ 
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Bipolar Pro Electron Series 


Bipolar Pro Electron Series (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICB0@VCB 
(nA) (V) 
Max 

Hfe 

hfe @ IC VcE 

1 kHz* (mA) (V) 
Min Max 

■o 

M« W (mA) 

Min Max 

Cob 

(PF) 

Max 

1 

(MHz) @ 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BCX58 

TO-92 

(97) 


32 

7 

10 32 

120 630 2 5 

80 1000 10 1 

40 100 1 



125 10 

800 

6 

(Notes 3 & 4) 

10 

BCX58-7 

TO-92 

(97) 


32 


10 32 

120 220 2 5 

80 10 1 

40 100 1 



125 10 

800 


(Notes 3 & 4) 

■ 

BCX58-8 

TO-92 

(97) 


32 


10 32 

20 0.01 5 

180 310 2 5 

120 400 10 1 

45 100 1 



125 10 

800 

6 

(Notes 3 & 4) 

B 

BCX58-9 

TO-92 

(97) 


32 


10 32 

40 0.01 5 

250 460 2 5 

160 630 10 1 

60 100 1 



125 10 

800 

6 

(Notes 3 & 4) 

10 

BCX58-10 

TO-92 

(97) 


32 


10 32 

100 0.01 5 

380 630 2 5 

240 1000 10 1 

60 100 1 



125 10 

800 

6 

(Notes 3 & 4) 

10 

BCX59 

TO-92 

(97) 





120 630 2 5 

80 1000 10 1 

40 100 1 

0.5 1.0 100 


125 10 

800 

■ 

(Note 5) 

10 

BCX59-7 

TO-92 

(97) 


45 



120 220 2 5 

80 10 1 

40 100 1 

0.5 1.0 100 


125 10 

1^11 

■ 

(Note 5) 

10 

BCX59-8 

TO-92 

(97) 


45 



20 0.01 5 

180 310 2 5 

120 400 10 1 

45 100 1 

0.5 1.0 100 


125 10 


1 

(Note 5) 

i__ 

10 
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Bipolar Pro Elect 

iron SGri6S (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

ICBO@VcB 
(nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

VcE(SAT, , 

m & ''“(ON) g Ic 
.. (V) (mA) 

AA- A. 

Min Max 

Cob 

(PF) 

Max 

‘t Ij. 

Min Max ^ ' 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BCX59-9 

TO-92 

(97) 


45 

7 


40 0.01 5 

250 460 2 5 

160 630 10 1 

60 100 1 

0.5 1.0 100 


125 10 

800 


(Note 5) 

10 

BCX59-10 

TO-92 

(97) 


45 

7 


100 0.01 5 

380 630 2 5 

240 1000 10 1 

60 100 1 

0.5 1.0 100 


125 10 

800 


(Note 5) 

10 

BCX70G 

TO-236 

(49) 

45 

45 

5 

20 32 

120 220 2 5 

60 50 1 

0.55 0.7 1.05 50 

4.5 

125 10 

800 

6 

(Notes 17,19) 

10 

BCX70H 

TO-236 

(49) 

45 

45 

5 

20 32 

180 310 2 5 

70 50 1 

20 0.01 5 

0.55 0.7 1.05 50 

4.5 




(Notes 17,19) 

10 

BCX70J 

TO-236 

(49) 

45 

45 

5 

20 32 

250 460 2 5 

90 50 1 

40 0.01 5 

0.55 0.7 1.05 50 

4.5 

125 10 



(Notes 17,19) 

10 

BCX71G 

TO-236 

(49) 

45 

45 

5 

20 32 

120 220 2 5 

60 50 1 

0.55 0.7 1.05 50 

4.5 

125 10 



(Notes 17,19) 

68 

BCX71H 

TO-236 

(49) 

45 

45 

5 

20 32 

180 310 2 5 

70 50 1 

20 0.01 5 

0.55 0.7 1.05 50 

4.5 

125 10 

800 


(Notes 17,19) 

68 

BCX71J 

TO-236 

(49) 

45 

45 

5 

20 32 

250 460 2 5 

90 50 1 

40 0.01 5 

0.55 0.7 1.05 50 

4.5 

125 10 

800 

6 

(Notes 17,19) 

68 

BCX78 

TO-92 

(97) 


32 

5 


120 630 2 5 

80 1000 10 1 

40 100 1 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BCX78-7 

TO-92 

(97) 


32 

5 


120 220 2 5 

80 10 1 

40 100 1 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 
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Bipolar Pro Electron Series 


Bipolar Pro Elect 

tron Series (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

Icbo@Vcb 
( nA) (V) 
Max 

HpE 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

VcE(SAT) , 

(W & ''“(ON) @ Ic 

iax 

Min Max 

Cob 

(PF) 

Max 

(MHz) @ C 
Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BCX78-8 

TO-92 

(97) 


32 

5 


30 0.01 5 

180 310 2 5 

120 400 10 1 

45 100 1 

0.6 1.0 100 

4.5 

200 10 


6 

(Motel) 

68 

BCX78-9 

TO-92 

(97) 


32 

5 


40 0.01 5 

250 460 2 5 

160 630 10 1 

60 100 1 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BCX78-10 

TO-92 

(97) 


32 

5 


100 0.01 5 

380 630 2 5 

240 1000 10 1 

60 100 1 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BCX79 

TO-92 

(97) 


45 

5 


80 1000 10 1 

40 100 1 

120 630 2 5 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BCX79-7 

TO-92 

(97) 


45 

5 


120 220 2 5 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BCX79-8 

TO-92 

(97) 

■ 

45 



120 400 10 1 

45 100 1 

30 0.01 5 

180 310 2 5 

0.6 1.0 100 

4.5 

200 10 



(Note 1) 

68 

BCX79-9 

TO-92 

(97) 

■ 

45 



160 630 10 1 

60 100 1 

40 0.01 5 

250 460 2 5 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BCX79-10 

TO-92 

(97) 

■ 

45 



240 1000 10 1 

60 100 1 

100 0.01 5 

380 630 2 5 

0.6 1.0 100 

4.5 

200 10 


6 

(Note 1) 

68 

BD370A 

TO-237 

(91) 


45 


100 45 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 
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Bipolar Pro Electron Series (continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

Vebo 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

li,; (V) (mA) 

Cob 

(PF) 

Max 

't I 

(MHz) @ 

Min Max ^ 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BD370A-10 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370A-16 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370A-25 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

160 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370B 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370B-10 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370B-16 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 


TO-237 

(91) 





25 500 2 

160 400 100 1 

0.7 1.2* 1A 




6 

(Notes 5 & 6) 

78 

BD370C 

TO-237 

(91) 

80 

80 


100 80 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370C-6 

TO-237 

(91) 

80 

80 


100 80 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370C-10 

TO-237 

(91) 

80 

80 


100 80 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370C-16 

TO-237 

(91) 

80 

80 


100 80 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD370D 

TO-237 

(91) 

80 

100 


100 80 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD370D-6 

TO-237 

(91) 

80 

100 


100 80 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD370D-10 

TO-237 

(91) 

80 

100 


100 80 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371A 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 
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Bipolar Pro Electron Series 


Bipolar Pro Electron Series (Continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VebO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (Y) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

VcEtSAT) ,, 

(V) & ''®E(ON) @ Ic 
^ 3 ; (V) (mA) 

Min Max 

Cob 

(PF) 

Max 

Mm Max 

toff 

(ns) 

Max 

nf 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BD371A-10 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371A-16 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371A-25 

TO-237 

(91) 

80 

45 


100 45 

25 500 2 

180 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371B 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371B-10 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371B-16 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371B-25 

TO-237 

(91) 

80 

60 


100 60 

25 500 2 

160 400 100 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371C 

TO-237 

(91) 

80 

80 


100 80 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371C-6 

TO-237 

(91) 

80 

H 


100 80 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 


(Notes 5 & 6) 

38 

BD371C-10 

TO-237 

(91) 


H 

■ 

100 80 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD371C-16 

TO-237 

(91) 

80 

80 


100 80 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

m 

BD371D 

TO-237 

(91) 

80 

100 


100 100 


0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 


BD371D-6 

TO-237 

(91) 


100 




0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

39 

BD371D-10 

TO-237 

(91) 

80 

100 



25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 


H 

(Notes 5 & 6) 

39 

BD372A 

TO-237 

(90) 

80 

45 


imiiiiiii 


0.7 1.2* 1A 

30 

50 200 


H 


78 































7-21 


Bipolar Pro Electron Series (continued) 

Type 

No. 

Case 

Style 

VCES^ 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CES* 

Icbo@Vcb 
( nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

VCE(SAT) , 

m i ''be(on) @ Ic 
Max <V) CnA) 

Min Max 

Cob 

(PF) 

Max 

^T , 

(MHz) @ 

Min Max * 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BD372A-10 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372A-16 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372A-25 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

160 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372B 

TO-237 

(90) 

80 

60 


100 60 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372B-10 

TO-237 

(90) 

80 

60 


100 60 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372B-16 

TO-237 

(90) 

80 

60 


100 60 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372B-25 

TO-237 

(90) 

80 

60 


100 60 

25 500 2 

160 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372C 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372C-6 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372C-10 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372C-16 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

78 

BD372D 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

79 

BD372D-6 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

79 

BD372D-10 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

79 

BD373A 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 
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Bipolar Pro Electron Series 


Bipolar Pro Electron Series (Continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO@VcB 
(nA) (V) 
Max 

HpE 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

VCE(SAT, , 

(V) 4 ''bE(OM) @ Ic 
' ' (V) (mA) 

^ Min Max 

Cob 

(PF) 

Max 

®(mA) 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BD373A-10 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373A-16 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373A-25 

TO-237 

(90) 

80 

45 


100 45 

25 500 2 

160 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373B 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373B-10 

TO-237 

(90) 

80 

60 


100 80 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373B-16 

TO-237 

(90) 

80 

60 


100 60 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373B-25 

TO-237 

(90) 

80 

60 


100 60 

25 500 2 

160 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373C 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373C-6 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373C-10 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 


6 

(Notes 5 & 6) 

38 

BD373C-16 

TO-237 

(90) 

80 

80 


100 80 

25 500 2 

100 250 100 1 

0.7 1.2* 1A 

30 

50 200 


6 

(Notes 5 & 6) 

38 

BD373D 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

40 400 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BD373D-6 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

40 100 100 1 

0.7 1.2* 1A 

30 

50 200 

420 


(Notes 5 & 6) 

38 

BD373D-10 

TO-237 

(90) 

80 

100 


100 100 

25 500 2 

63 160 100 1 

0.7 1.2* 1A 

30 

50 200 

420 

6 

(Notes 5 & 6) 

38 

BF240 

TO-92 

(98) 

40 

40 

4 

100 20 

65 225 1 10 

6 12 7 

0.65 0.74* 1 

0.34 

1 


3.5 


47 
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Bipolar Pro Electron Series 


Bipolar Pro Electron Ser 

6 S (Continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

Vebo 

(V) 

Min 

Ices* 

ICBO @ VcB 
(nA) (V) 
Max 

Hfe 

hfe @ Ic VcE 

1 kHz* (mA) (V) 
Min Max 

‘ ’ (V) (mA) 

Min Max 

Cob 

(PF) 

Max 

®(mA) 

Min Max 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BSR15 

TO-236 

(49) 

60 

40 

5 

20 50 

35 0.1 10 

50 1 10 

75 10 10 

100 300 150 10 

30 500 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 9) 

63 

BSR16 

TO-236 

(49) 

60 

60 

5 

10 50 

75 0.1 10 

100 1 10 

100 10 10 

100 300 150 10 

50 500 10 

0.4 1.3 150 

1.6 2.6 500 

8 

200 50 

100 


(Note 9) 

63 

BSR17 

TO-236 

(49) 

60 

40 

6 

5 fxA 50 

20 0.1 1 

35 1 1 

50 150 10 1 

30 50 1 

15 100 1 

0.2 0.65 0.85 10 

0.3 0.95 50 


250 20 

250 


(Note 5) 

23 

BSR18 

TO-236 

(49) 

60 

40 

6 

5 jaA 50 

20 0.1 1 

35 1 1 

50 150 10 1 

30 50 1 

15 100 1 

0.2 0.65 0.85 10 

0.3 0.95 50 


200 20 

300 


(Note 5) 

66 

BSR19 

TO-236 

(49) 

160 

140 

6 

100 100 

60 1 5 

60 10 5 

20 250 50 5 

0.15 1.0 10 

0.25 1.2 50 

6 

100 300 10 


10 

(Note 16) 

16 

BSR20 

TO-236 

(49) 

130 

120 

5 

100 100 

30 

40 180 10 5 

40 50 5 

0.2 1.0 10 

0.5 1.0 50 

6 

1 

100 400 10 


8 

(Note 16) 

16 

BSS38 

TO-236 

(49) 

imi^j 

100 

5 

200 90 

20 4 1 

0.7 4 

3.0 1.2 50 


60 4 

1000 



16 

BSS63 

TO-236 

(49) 

nnni 

100 

6 

100 90 

30 10 1 

30 25 1 

0.25 0.9 25 


50 25 




1 74 

BSS64 

TO-236 

(49) 


80 

5 

100 90 

20 10 1 

0.15 1.2 4 

0.2 50 


60 4 

1000 

■ 


16 
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Bipol 

lar Pro Elect 

tron S6ri6S (continued) 

Type 

No. 


VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

*CES* 

ICBO@VcB 
(nA) (V) 
Max 

HfE 

hfe @ Ic Vce 

1 kHz* (mA) (V) 
Min Max 

„ ’ (V) (mA) 

Min Max 

InBi 

^ Ic 

(MHz) @ C 

Min Max 


NF 

(dB) 

Max 

Test 

Conditions 

Process 

No. 

BSS79-B 

TO-236 

(49) 


40 

5 

10 50 


0.4 150 

1.6 500 

6 

200 20 

■ 

■ 


19 

BSS79-C 

TO-236 

(49) 

60 

40 

5 

100 50 


0.4 150 

1.6 500 

6 

200 20 

■ 

■ 


19 

BSS80-B 

TO-236 

(49) 

60 


5 

10 50 


0.4 150 

1.6 500 

8 

200 20 




63 

BSS80-C 

TO-236 

(49) 

60 

40 

5 

100 50 

100 300 150 10 

0.4 150 

1.6 500 

8 

200 20 




63 

BSV52 

TO-236 

(49) 

20 

12 

5 

100 10 

25 1 1 

40 120 10 1 

25 50 1 

0.3 10 

0.25 0.7 0.85 10 

0.4 1.2 50 


400 10 

18 


(Note 18) 

21 

BSX39 

TO-236 

(49) 


14 


100 12 

25 1 1 

40 200 10 1 

25 50 1 

0.25 0.7 0.85 10 

0.4 1.2 5 



18 


(Note 1) 

21 


TEST CONDITIONS: 

Note 1: Ic = 200 jiiA, Vqe = 5V, f = 1 kHz. 

Note 2: Ic = 100 mA, Vcc = 20V, Ib^ = Ib^ = 5 mA. 

Note 3: Ic = 200 /xA, Vce = 2V, f = 1 kHz. 

Note 4: Ic = 100 mA, Vcc = 10V, Ib^ = Ib^ = 10 mA 

Note 5 : Ic = 10 mA, Vcc = 3V, Ib1 = Ib^ = 1 mA. 
Note 6: Ic = 100 jxA, Vce = 5V, f = 1 kHz. 

Note 7: Ic = 1 mA, Vce = 10V, f = 200 MHz. 

Note 8: Ic = 1 mA, Vce = 5V, f = 1 kHz. 

Note 9: Ic = 150 mA, Vcc = 6V, Ib^ = Ib^ = 15 mA. 
Note 10 : Ic = 10 jxA, Vce = 5V, f = WB. 


Note 11; Ic/Ib = 20. 

Note 12: Ic = 200 ixA, Vce = 5V, f = 30 Hz to 15 kHz. 
Note 13: Ic/Ib = 40. 

Note 14: Ic/Ib = 1000. 

Note 15: Ic/Ib = 33. 

Note 16: Ic = 250 fxA, Vce = 5V, f = 10 Hz to 15.7 kHz. 
Note 17: Ic = 15 mA, Ib^ = Ib^ = 1 mA. 

Note 18: Ic/Ib = 3.3. 

Note 19: Ice = 200 jxA, Vce = 5V, f = 200 Hz. 
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JFET Pro Electron Series 


{^National 

Semiconductor 


JFET Pro Electron Series 


Type 

No. 

Case 

Style 

BVqsS 
BVqdo 
(V)@Ig 
M in (jliA) 

Iqss 

■dgd 

(nAysVQD 
Max (V) 

Vp 
(V)@ 
Min Max 

Vds 

(V) 

>0 

(nA) 

VgS 
(V)@ 
Min Max 

VgS 

(V) 

Id 

(fxA) 

Iqss 

(mA) @Vds 
M in Max (V) 

Re(YFs) 
(mmho) @ f 
Min Max (MHz) 

(pF) 

Typ 

Cjss 

@Vds 

(V) 

VgS 

(V) 

Crss 

(pF)@Vds 
T yp (Y) 

Vgs 

(V) 

NF 

(dB)@RG=1k 

* f 

(Hz)=^ 

Max Typ (MHz) 

Process 

No. 

Pkg. 

No. 

BF244A 

TO-92 

30 

1 

5 

20 

0.5 

8 

15 

10 

0.4 

2.2 

15 

200 

2 

6.5 

15 

3 

6.5 

0.001 

4 

20 

-1 

1.1 

20 

-1 

1.5 

100 

50 

94 

BF244B 

TO-92 

30 

1 

5 

20 

0.5 

8 

15 

10 

1.6 

3.8 

15 

200 

6 

15 

15 

3 

6.5 

0.001 

4 

20 

-1 

1.1 

20 

-1 

1.5 

100 

50 

94 

BF244C 

TO-92 

30 

1 

5 

20 

0.5 

8 

15 

10 

3.2 

7.5 

15 

200 

12 

25 

15 

3 

6.5 

0.001 

4 

20 

-1 

1.1 

20 

-1 

1.5 

100 

50 

94 

BF245A 

TO-92 

30 

1 

5 

20 

0.5 

8 

15 

10 

0.4 

2.2 

15 

200 

2 

6.5 

15 

3 

6.5 

0.001 

4 

20 

-1 

1.1 

20 

-1 



50 

97 

BF245B 

TO-92 

30 

1 

5 

20 

0.5 

8 

15 

10 

1.6 

3.8 

15 

200 

6 

15 

15 

3 

6.5 

0.001 

4 

20 

-1 

1.1 

20 

-1 



50 

97 

BF245C 

TO-92 

30 

1 

5 

20 

0.5 

8 

15 

10 

3.2 

7.5 

15 

200 

12 

25 

15 

3 

6.5 

0.001 

4 

20 

-1 

1.1 

20 

-1 



50 

97 

BF246A 

TO-92 

25 

1 

5 

15 

0.6 

14.5 

15 

10 

1.5 

4.0 

15 

200 

30 

80 

15 

8 


0.001 

11 

(Note 1)5 

0 

3.5 

15 

0 



51 

94 

BF246B 

TO-92 

25 

1 

5 

15 

0.6 

14.5 

15 

10 

3.0 

7.0 

15 

200 

60 

140 

15 

8 


0.001 

11 

(Note 1)5 

0 

3.5 

15 

0 



51 

94 

BF246C 

TO-92 

25 

1 

5 

15 

0.6 

14.5 

15 

10 

5.5 

12 

15 

200 

110 

250 

15 

8 


0.001 

11 

(Note 1)5 

0 

3.5 

15 

0 



51 

94 

BF247A 

TO-92 

25 

1 

5 

15 

0.6 

14.5 

15 

10 

1.5 

4.0 

15 

200 

30 

80 

15 

8 


0.001 

11 

(Note 1)5 

0 

3.5 

15 

0 



51 

97 

BF247B 

TO-92 

25 

1 

5 

15 

0.6 

14.5 

15 

10 

3.0 

7.0 

15 

200 

60 

140 

15 

8 


0.001 

11 

(Note 1)5 

0 

3.5 

15 

0 



51 

97 

BF247C 

TO-92 

25 

1 

5 

15 

0.6 

14.5 

15 

10 

5.5 

12 

15 

200 

110 

250 

15 

8 


0.001 

11 

(Note 1)5 

0 

3.5 

15 

0 



51 

97 

BF256A 

TO-92 

30 

1 

5 

20 





0.5 

7.5 

15 

200 

3 

7 

15 

4.5 


0.001 




0.7 

20 

-1 

7.5 

800 

50 

97 

BF256B 

TO-92 

30 

1 

5 

20 





0.5 

7.5 

15 

200 

6 

13 

15 

4.5 


0.001 




0.7 

20 

-1 

7.5 

800 

50 

97 

BF256C 

TO-92 

30 

1 

5 

20 





0.5 

7.5 

15 

200 

11 

18 

15 

4.5 


0.001 




0.7 

20 

-1 

7.5 

800 

50 

97 

BSR56 

SOT23 

40 

1 

1 

20 

4 

10 

15 

1 





50 


M 

■ 





■ 


10 




El 

49 

BSR57 

SOT23 

40 

1 

1 

20 

2 

6 

15 

1 





20 


S 

■ 







10 





49 

BSR58 

SOT23 

40 

1 

1 

20 

0.8 

4 

15 

1 





8 


m 

■ 





■ 


10 





49 









Section 8 

Consumer Series 
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Consumer Series. 8-3 


8-2 






w 


National 

Semiconductor 


CS9011 


CS9012 

CS9013 

CS9014 

CS9015 


CS9016 

CS9018 


ED1402 

ED1502 

ED1602 


ED1702 




S 


SA1015 


Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VcEO 

(V) 

Min 

VeBO 

(V) 

Min 

•CES* 

iCBO ® VcB 
(nA) (V) 
Max 

Min 

TO-92 

(92) 

40 

30 

5 

100 30 

39 

TO-92 

(92) 

40 

25 

5 

100 25 

64 

TO-92 

(92) 

40 

25 

5 

100 25 

64 

TO-92 

(92) 

50 

40 

5 

50 30 

60 

TO-92 

(92) 

50 

40 

5 

50 30 

60 

TO-92 

(92) 

30 

20 

5 

50 20 

28 

TO-92 

(92) 

30 

15 

5 

50 20 

28 

TO-92 

(92) 

35 

30 

4 

10 10 

110 

TO-92 

(92) 

25 

20 

4 

10 10 

36 

TO-92 

(92) 

35 

30 

4 

10 10 

70 

TO-92 

(92) 

30=^ 

25 

5 

100* 20 

40 

106 

TO-92 

(92) 

30* 

25 

5 

100* 20 

40 

106 

TO-92 

(94) 

60 

50 

50 

100 50 

90 

TO-92 

(94) 

50 

50 

5 

100 40 

70 

25 


(mA) (V) 


0.5A 1 

100 1 

0.5A 1 


00 


Consumer Series 


:E(SAT) 
(V) & 
Max 

VbE(SAT) 
VbE(ON)* ® 
(V) 

Min Max 

ic 

(mA) 

Cob 

(PF) 

Max 

fT 

(MHz) @ 
Min Max 

Ic 

(mA) 

' * Max 

NF 

(dB) 

Max 

Test 

Condition 

Process 

No. 

0.3 

0.75 

10 

3.5 

150 

1 

4 

(Note 4) 

23 

0.6 

1.2 

300 





68 

0.6 

1.2 

300 





10 

0.3 

1 

10 

4.5 

100 

10 

10 

(Note 5) 

07 

0.3 

1 

10 

6.0 

100 

10 

10 

(Note 5) 

62 

0.3 

1 

10 

1.6 

300 

1 

5 

(Note 6) 

49 

0.3 

1 

10 

1.7 

400 

2 



43 




10 

(Note 7) 

11 



350 

5 



49 




10 

(Note 7) 

69 

0.4 


500 





37 

0.4 


500 





77 

0.3 


100 

6 

150 

10 

20 


69 

0.3 


100 

7 

1 1 

10 


69 


sauas jauinsuo3 













Consumer Series 


Consumers Series (Continued) 

Type 

No. 

Case 

Style 

VCES* 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

Ices* 

ICBO ® VcB 
(nA) (V) 
Max 

HpE ® IcA VcE 
(mA) (V) 

Min Max 

Ic 

* ' (V) (mA) 

Min Max 

Cob 

(PF) 

Max 

h 

(MHz) @ Ic 
Min Max (mA) 

toff 

(ns) 

Max 

NF 

(dB) 

Max 

Test 

Condition 

Process 

No. 

SC945 

TO-92 

(94) 

60 

50 

5 

100 50 

90 600 1 6 

0.3 100 

4 

150 10 


20 


11 

SC1815 

TO-92 

(94) 

60 

50 

5 

100 50 

70 400 2 6 

25 150 6 

0.3 100 

4 



10 


11 

NA11 

TO-92 

♦ 

25 

20 

5 

ljuiA 20 

30 350 100 3 

0.5 1.0 400 

4.5 

50 100 



(Note 2) 

10 

NA12 

TO-92 

* 

25 

20 

5 

IjaA 20 

30 350 100 3 

0.5 1.0 400 

7 

50 100 



(Note 2) 

68 

NA31 

TO-92 

* 

35 

30 

5 

IjmA 30 

30 350 300 5 

0.5 1.2 1.2A 

10 

20 300 



(Note 2) 

37 

NA32 

TO-92 

* 

35 

30 

5 

IfiA 30 

30 350 300 5 

0.5 1.2 1.2A 

17 

20 300 



(Note 2) 

77 

NB111 

TO-92 

* 

40 

35 

6 

100 35 

100 350 15 5 

0.4 0.95 20 

4 

100 15 



(Note 3) 

11 

NB121 

TO-92 

* 

40 

35 



100 350 15 5 

0.4 0.95 20 

6 

100 15 



(Note 3) 

69 

NR421 

TO-92 

(96) 

35 

30 

3 

100 30 

20 240 2 5 

0.3 0.95 10 

1.3 

450 2 



(Note 1) 

42 

NR431 

TO-92 

* 

18 

15 

3 

100 15 

20 240 1 5 

0.3 0.95 10 

1.7 

350 1 



(Note 1) 

43 

SS8050 

TO-92 

(92) 

40 

25 

6 

100 35 

45 5 1 

85 300 100 1 

40 800 1 

0.5 1.2 800 

9 

100 50 




37 

SS8550 

TO-92 

(92) 

40 

25 

6 

100 35 

45 5 1 

85 300 100 1 

40 800 1 

0.5 1.2 800 

15 

100 50 




77 

*Case style means available in EBC or ECB pinouts. 

TEST CONDITIONS: 

Note 1: Ic/Ib = 20 Note 5: Iq = 100 juA, f = 5 kHz 

Note 2: Iq/Ib = 40 Note 6: Iq = 1 mA, f = 100 MHz 

Note 3: Iq/Ib = 50 Note 7: Iq = 200 juiA, f = 2 kHz 

Note 4: Ic = 1 mA, f = 1 MHz 










Consumers Series (Continued) 


Hfe Bins 



A 

B 

C 

D 

E 

F 

G 

H 

1 

K 

L 

M 

N 

CS9011 





39-60* 

54-80 

72-108 

97-146 

132-198 





CS9012 




64-91* 

78-112 

96-135 

118-166 

144-202* 






CS9013 




64-91* 

78-112 

96-135 

118-166 

144-202* 






CS9014 

60-150 

100-300 

200-600 











CS9015 

60-150 

100-300 

200-600 











CS9016 




28-45* 

39-60 

54-80 

72-108 

97-146* 






CS9018 




28-45* 

39-60 

54-80 

72-108 

97-146* 






ED1402 

110-165* 

150-225 

202-318 

290-450 

410-810* 









ED1502 

36-55* 

48-75 

66-100 

84-127 

105-210* 









ED1602 

70-105* 

90-140* 

125-190 

170-260 

223-475* 









ED1702 










106-150* 

132-188 

170-233 

213-300* 

ED1802 










106-150* 

132-188 

170-233 

213-300* 


*Orders must contain at least two adjacent bins. 


Hfe Bins 



OR 

YE 

GR 


B 

C 

D 

SA1015 

70-140* 

120-240 

200-400 





SCI 815 

70-140* 

120-240 

200-400 





SS8050 





85-160 

120-200 

160-300* 

SS8550 





85-160 

120-200 

160-300* 


‘Orders must contain at least two adjacent bins. 
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Consumer Series 


Consumers Series (Continued) 


H|;£ Bins 



R 

Q 

P 

K 


G 

H 

1 

J 


X 

Y 

SA733 

90-180 

135-270 

200-400 

300-600 









SG945 

90-180 

135-270 

200-400 

300-600 









NA11 






68-110* 

100-160 

140-240 

200-350* 


30-110 

100-350 

NA12 






68-110* 

100-160 

140-240 

200-350* 


30-110 

100-350 

NA31 






68-110 





30-110 

100-350 

NA32 






68-110 





30-110 

100-350 

NA111 







100-160 

140-240 

200-350 



100-350 

NA121 







100-160 

140-240 

200-350 



100-350 


*Orders must contain at least two adjacent bins. 


Hfirg Bins 



E 

F 

G 

H 


R 

S 

T 

NR421 

30-50* 

45-75 

68-110 

100-160* 


20-50* 

45-110 

100-240* 

NR431 

30-50 

45-75 

68-110 

100-160* 


20-50* 

45-110 

100-240* 


^Orders must contain at least two adjacent bins. 
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NdtiOndi MDM 

Semiconductor d npn Bipoar 

Power Transistors 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

VeBO 

(V) 

Min 

»CEX* 

ICBO @VcB 
ilxA) (V) 

Max 

•’re @ 'c J^VCE 
Min Max (A) (V) 

VCE(SAT) Vbe(SAT) . 

(V) & (V) @ ^ 

Max Min Max ^ ^ 

Cob 

(PF) 

Max 

‘t I- 

(MHz) @ C 

Min Max ' ' 

Process 

No. 

D42C1 

TO-202 

(56) 


30 

5 

10* 40 

25 0.2 1 

10 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D42C2 

TO-202 

(56) 


30 

5 

10* 40 

40 120 0.2 1 

20 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 




30 

5 

10* 40 

40 0.2 1 

20 2 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D42C4 


■ 

45 

5 

10* 55 

25 0.2 1 

10 1 1 

0.5 1.3 1 


3 0.02 

4P 

D42C5 




5 

100 55 

40 120 0.2 1 

20 1 1 

0.5 1.3 1 


3 0.02 

4P 

D42C6 



45 

5 

10* 55 

40 0.2 1 

20 2 1 

0.5 1.3 1 


3 0.02 

4P 

D42C7 

TO-202 

(56) 



5 

100 75 

25 0.2 1 

10 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D42C8 




5 

100 70 

40 120 0.2 1 

20 1 1 

0.5 1.3 1 

m 


4P 

D42C9 

H^lll 



5 

10* 70 

40 0.2 1 

20 2 1 

0.5 1.3 1 

m 

3 0.02 

4P 

D42C10 

TO-202 

(56) 


H 

5 

100 90 

25 0.2 1 

10 1 1 

0.5 1.3 1 

m 

3 0.02 

4P 

D42C12 




5 

10* 90 

40 0.2 1 

0.5 1.3 1 

m 


4P 

D44C1 



30 

5 

10* 40 

25 0.2 1 

10 1 1 

0.5 1.3 1 

m 


4P 

D44C2 

KBH 


30 

5 

10* 40 

40 120 0.2 1 

20 1 1 

0.5 1.3 1 

m 

3 0.02 

4P 

D44C3 



30 

■ 

10* 40 

40 0.2 1 

20 2 1 

0.5 1.3 1 

m 




<o 
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NPN Bipolar Power Transistors 


NPN Bipolar Power Transistors (continued) 

Type 

No. 

Case 

Style 

VcBO 

(V) 

Min 

VCEO 

(V) 

Min 

Vebo 

(V) 

Min 

ICEX* 

ICBO @VcB 
(f^A) (V) 

Max 

hpE @ Ic ^VCE 
Min Max (A) (V) 

VCE(SAT) Vbe{SAT) , 

(V) & (V) @ c 

Max Min Max ' ^ 

Cob 

(PF) 

Max 

1 

(MHz) @ C 
Min Max ' ' 

Process 

No. 

D44C4 

TO-220 

(37) 


45 

5 

10* 55 

25 0.2 1 

10 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C5 

TO-220 

(37) 


45 

5 

100 55 

40 120 0.2 1 

20 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C6 

TO-220 

(37) 


45 

5 

10* 55 

40 0.2 1 

20 2 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C7 

TO-220 

(37) 


60 

5 

100 75 

25 0.2 1 

10 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C8 

TO-220 

(37) 


60 

5 

100 70 

40 120 0.2 1 

20 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C9 

TO-220 

(37) 


60 

5 

10* 70 

40 0.2 1 

20 2 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C10 

TO-220 

(37) 


80 

5 

100 90 

25 0.2 1 

10 1 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44C12 

TO-220 

(37) 


80 

5 

10* 90 

40 0.2 1 

0.5 1.3 1 

100 

3 0.02 

4P 

D44H1 

TO-220 

(37) 


30 

5 

10 30 

35 2 1 

20 4 1 

1.0 1.5 8 



4Q 

D44H2 

TO-220 

(37) 


30 

5 

10 30 

60 2 1 

40 4 1 

1.0 1.5 8 



4Q 

D44H4 

TO-220 

(37) 


45 

5 

10 45 

35 2 1 

20 4 1 

1.0 1.5 8 



4Q 


TO-220 

(37) 


45 


10 45 

60 2 1 

40 4 1 

1.0 1.5 8 

■ 


4Q 

D44H7 

TO-220 

(37) 

■ 

60 

■ 

10 60 

35 2 1 

20 4 1 

1.0 1.5 8 

■ 


4Q 

D44H8 

TO-220 

(37) 


60 

H 

10 60 


1.0 1.5 8 

■ 


4Q 

D44H10 

TO-220 

(37) 


80 

■ 


35 2 1 

20 4 1 

1.0 1.5 8 

■ 


4Q 


I TO-220 

I (37) 


80 

B 

10 80 

60 2 1 

40 4 1 

1.0 1.5 8 

■ 


4Q 




























PNP Bipolar 
Power Transistors 



Ic ^VCE 
(A) (V) 




Process 

No. 

1A 1 

200 1 

0.5 1.3 1A 



5P 

1A 1 

200 1 

0.5 1.3 1A 



5P 

1A 1 

200 1 

0.5 1.3 1A 



5P 

1A 1 

200 1 

0.5 1.3 1A 



5P 

1A 1 

200 1 

0.5 1.3 1A 



5P 

2A 1 

200 1 

0.5 1.3 1A 



5P 

0.2 1 

1 1 

0.5 1.3 1 

m 

3 0.02 

5P 

0.2 1 

1 1 

0.5 1.3 1 

m 

3 0.02 

5P 

0.2 1 

2 1 

0.5 1.3 1 


3 0.02 

5P 

0.2 1 

1 1 

0.5 1.3 1 

100 

3 0.02 

5P 

0.2 1 




5P 

1 1 

0.2 1 

0.5 1.3 1 

125 

3 0.02 

5P 

1 1 

0.2 1 

0.5 1.3 1 

125 

3 0.02 

5P 

2 1 

0.2 1 

0.5 1.3 1 

125 

3 0.02 

5P 



sjoisjsueji j3MOd Jeiodjg dNd 

























PNP Bipolar Power Transistors 

























^ ^miS^uctor P®*^ '’®®'‘®9® 

Device 

No. 

Case 

Style 

Vrrm 
(V) Min 

■rrm @ Vr 

(|itA) Max (V) 

Vfm , 

Max ^ ^ 

If 

Avg. 

A 

trr 

(ns) 

Max 

Test 

Cond. 

Proc. 

Family 

FRP805 

TO-220AC 

(41) 

50 

10 50 

0.95 8 

8 

35 

50 

(Note 1) 
(Note 2) 

R4 

FRP810 

TO-220AC 

(41) 

100 

10 100 

0.95 8 

8 

35 

50 

(Note 1) 
(Note 2) 

R4 

FRP815 

TO-220AC 

(41) 

150 

10 150 

0.95 8 

8 

35 

50 

(Note 1) 
(Note 2) 

R4 

FRP820 

TO-220AC 

(41) 

200 

10 200 

0.95 8 

8 

35 

50 

(Note 1) 
(Note 2) 

R4 

FRP840 

TO-220AC 

(41) 

400 

10 400 

1.5 8 

8 

75 

(Note 2) 

R6 

FRP850 

TO-220AC 

(41) 

500 

10 500 

1.5 8 

8 

75 

(Note 2) 

R6 

FRP860 

TO-220AC 

(41) 

600 

10 600 

1.5 8 

8 

75 

(Note 2) 

R6 

FRP1005 

TO-220AC 

(41) 

50 

5 50 

1.0 10 

10 

35 

50 

(Note 1) 
(Note 3) 

R4 

FRP1010 

TO-220AC 

(41) 

100 

5 100 

1.0 10 

10 

35 

50 

(Note 1) 
(Note 3) 

R4 

FRP1015 

TO-220AC 

(41) 

150 

5 150 

1.0 10 

10 

35 

50 

(Note 1) 
(Note 3) 

R4 

FRP1020 

TO-220AC 

(41) 

200 

5 200 

1.0 10 

10 

35 

50 

(Note 1) 
(Note 3) 

R4 

TEST CONDITIONS: 

Note 1: If = 1.0A df/dt = 50 A/jns 

Note 2: Ip = 8.0A df/dt = 100 A/jns 

Note 3: Ip = 10A df/dt = 100 A/jas 

Note 4: Ip = 16A df/dt = 100 A/ju,s 
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Ultra-Fast Rectifiers 


Single Rectifier per Package (Continued) 


Device 

No. 

Case 

Style 


>RRM „ 
(|xA)Max 

Vr 

(V) 

Vfm 

(V) @ 

Max 

If 

(A) 

If 

Avg. 

A 

t,r 

(ns) 

Max 

Test 

Cond. 

Proc. 

Family 

FRP1605 

TO-220AC 

50 

25 

50 

0.95 

16 

16 

35 

(Note 1) 

R5 


(41) 







50 

(Note 4) 


FRP1610 

TO-220AC 

100 

25 

100 

0.95 

16 

16 

35 

(Note 1) 

R5 


(41) 







50 

(Note 4) 


FRP1615 

TO-220AC 

150 

25 

150 

0.95 

16 

16 

35 

(Note 1) 

R5 


(41) 







50 

(Note 4) 


FRP1620 

TO-220AC 

200 

25 

200 

0.95 

16 

16 

35 

(Notel) 

R5 


(41) 







50 

(Note 4) 



TEST CONDITIONS: 

Note 1: If = 1.0A df/dt = 50 A/fis 
Note 2: If = 8.0A df/dt = 100 A//xs 
Note 3: If = 10A df/dt = 100 A/jms 
Note 4: If = 16A df/dt = 100 A/jxs 





National 

Semiconductor 


Device 

No. 

Case 

Style 

Vrrm 
(V) Min 

iRRM 
(juiA) Max 

FRP1605CC 

TO-220AB 

(38) 

50 

10 

FRP1610CC 

TO-220AB 

(38) 

100 

10 

FRP1615CC 

TO-220AB 

(38) 

150 

10 

FRP1620CC 

TO-220AB 

(38) 

200 

10 

FRP1640CC 

TO-220AB 

(38) 

400 

10 

FRP1650CC 

TO-220AB 

(38) 

500 

10 

FRP1660CC 

TO-220AB 

(38) 

600 

10 

FRP2005CC 

TO-220AB 

(38) 

50 

5 

FRP2010CC 

TO-220AB 

(38) 

100 

5 

FRP2015CC 

TO-220AB^-.^ 

(38) 

150 

5 

FRP2020CC 

TO-220AB 

(38) 

200 

5 


TEST CONDITIONS: 

Note 1: If = 1.0A df/dt = 50 A/jns 
Note 2: Ip = 8.0A df/dt = 100 A/jns 
Note 3: Ip = 10A df/dt = 100 A//iS 
Note 4: Ip = 16A df/dt = 100 A/jns 


Dual Rectifiers, Common Cathode 


Vr 

(V) 

Vf 

(V) @ 

Max 

, «F 

(A) 

If 

Avg. 

A 

^rr 

(ns) 

Max 

Test 

Cond. 

Proc. 

Family 

50 

0.95 

8 

16 

35 

(Note 1) 

R4 





50 

(Note 2) 


100 

0.95 

8 

16 

35 

(Note 1) 

R4 





50 

(Note 2) 


150 

0.95 

8 

16 

35 

(Note 1) 

R4 





50 

(Note 2) 


200 

0.95 

8 

16 

35 

(Note 1) 

R4 





50 

(Note 2) 


400 

1.5 

8 

8 

75 

(Note 2) 

R6 

500 

1.5 

8 

8 

75 

(Note 2) 

R6 

600 

1.5 

8 

8 

75 

(Note 2) 

R6 

50 

1.0 

10 

10 

35 

(Note 1) 

R4 





50 

(Note 3) 


100 

1.0 

10 

10 

35 

(Note 1) 

R4 





50 

(Note 3) 


150 

1.0 

10 

10 

35 

(Note 1) 

R4 





50 

(Note 3) 


200 

1.0 

10 

10 

35 

(Note 1) 

R4 





50 

(Note 3) 
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Ultra-Fast Rectifiers 


Dual Rectifiers, Common Cathode (Continued) 


Device 

No. 

Case 

Style 

Vrrm 
(V) Min 

Irrm @ 
(fj.A)Max 

Vr 

(V) 

Vf 

(V) @ 

Max 

If 

(A) 

If 

Avg. 

A 

(ns) 

Max 

Test 

Cond. 

Proc. 

Family 

FRK3205CC 

TO-247 

50 

25 

50 

0.95 

16 

32 

35 

(Notel) 

R5 


(40) 







50 

(Note 4) 


FRK3210CC 

TO-247 

100 

25 

100 

0.95 

16 

32 

35 

(Notel) 

R5 


(40) 







50 

(Note 4) 


FRK3215CC 

TO-247 

150 

25 

150 

0.95 

16 

32 

35 

(Note 1) 

R5 


(40) 







50 

(Note 4) 


FRK3220CC 

TO-247 

200 

25 

200 

0.95 

16 

32 

35 

(Note 1) 

R5 


(40) 







50 

(Note 4) 



TEST CONDITIONS: 

Note 1: Ip « 1.0A df/dt = 50 A/|is 
Note 2: ip = 8.0A df/dt = 100 A//is 
Note 3: ip » 10A df/dt = 100 A/fiS 
Note 4: ip == 16A df/dt = 100 A/fiS 




National 

Semiconductor 


Power MOSFETs/COOLFETsTm 


Introduction 

COOLFETs are power MOSFETs with a 20% lower (RDS(on) rating than the current industry standard. The 20% reduction in 
i^DS(on) means a 12% increase in the current rating. Since all other electrical and thermal characteristics remain the same, 
COOLFETs can be used as either drop in replacements for standard IRF parts or in new designs. 

As drop in replacements COOLFETs offer less power loss, cooler operation, higher efficiency and better reliability because the 
major contributor to power dissipation within a MOSFET is Iq^ RDS(on)- 

In new designs, the circuit designer can take advantage of the higher current ratings on COOLFETs to design power supplies 
with more output power. 

This data book contains a selection guide to the COOLFET family and specification sheets for each COOLFET device. Please 
note that COOLFETs are differentiated by the addition of a “CF” suffix to the standard nomenclature, e.g. IRF450CF, 
IRF840CF. Because all MOSFETs are susceptible to damage from electrostatic discharge, there is a note on ESD handling 
precautions for COOLFETs. Package outlines and a listing of sales offices and authorized distributors are also included in 
Section 12. 


El 
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Power MOSFETs/COOLFETs 
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N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25“C 

VdsS 

(V) 

Min 

Id@ 

Tc = 25“C 
(A) 

Iro® 

Tc = io(rc 
(A) 

VGS(th) 

(V) 

Min Max 

Id 

@ (mA) 

RDS(on) 

<«) ® 
Max 

Id 

(A) 

Qg 

(nC) 

Max 


Coss 

(PF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

IRF712 

TO-220 

(37) 

20 

400 

1.3 

0.9 

2 

4 

0.25 

5 

0.8 

7.5 

200 

50 

15 

A3 

IRF713 

TO-220 

(37) 

20 

350 

1.3 

0.9 

2 

4 

0.25 

5 

0.8 

7.5 

200 

50 

15 

A3 

MTP2N35 

TO-220 

(37) 

50 

350 

2.25 

1.4 

2 

4.5 

1 

5 

1.0 

7.5 

200 

50 

15 

A3 

MTP2N40 

TO-220 

(37) 

50 

400 

2.25 

1.4 

2 

4.5 

1 

5 

1.0 

7.5 

200 

50 

15 

A3 

FMP18N05 

TO-220 

(37) 

75 

50 

18 

13 

2 

4 

0.25 

0.1 

10 

20 

850 

400 

150 

B1 

FMP18N06 

TO-220 

(37) 

75 

60 

18 

13 

2 

4 

0.25 

0.1 

10 

20 

850 

400 

150 

B1 

FMP20N05 

TO-220 

(37) 

75 

50 

20 

14 

2 

4 

0.25 

0.085 

10 

20 

850 

400 

150 

B1 

FMP20N06 

TO-220 

(37) 

75 

60 

20 

14 

2 

4 

0.25 

0.085 

20 

20 

850 

400 

150 

B1 

IRF520 

TO-220 

(37) 

40 

100 

8 

5 

2 

4 

0.25 

0.3 

4 

15 

600 

400 

100 

B2 

IRF521 

TO-220 

(37) 

40 

60 

8 

5 

2 

4 

0.25 

0.3 

4 

15 

600 

400 

100 

B2 

IRF522 

TO-220 

(37) 

40 

100 

7 

4 

2 

4 

0.25 

0.4 

4 

15 

600 

400 

100 

B2 

IRF523 

TO-220 

(37) 

40 

60 

7 

4 

2 

4 

0.25 

0.4 

4 

15 

600 

400 

100 

B2 

MTP10N08 

TO-220 

(37) 

75 

80 

10 

6.4 

2 

4.5 

1 

0.33 

5 

15 

600 

400 

100 

B2 

MTP10N10 

TO-220 

(37) 

75 

100 

10 

6.4 

2 

4.5 

1 

0.33 

5 

15 

600 

400 

100 

B2 


S13 JSOW -idMOd |auuei|3-N 
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N-Channel Power MOSFETs 


N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25“C 

VdSS 

(V) 

Min 

Id@ 

Tc = 25rc 
(A) 

•ro® 

Tc = 100“C 
(A) 

VGS(th) 

<V) 

Min Max 

*D 

@ (mA) 

RDS(on) 

(H) 

Max 

■d 

(A) 

Qg 

(nC) 

Max 

Ciss 

(PF) 

Min Max 

Coss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

IRF620 

TO-220 

40 

200 

5 

3 

2 

4 

0.25 

0.8 

2.5 

15 

600 

300 

80 

B3 

IRF621 

(37) 

TO-220 

40 

150 

5 

3 

2 

4 

0.25 

0.8 

2.5 

15 

600 

300 

80 

B3 

IRF622 

(37) 

TO-220 

40 

200 

4 

2.5 

2 

4 

0.25 

1.2 

2.5 

15 

600 

300 

80 

B3 

IRF623 

(37) 

TO-220 

40 

150 

4 

2.5 

2 

4 

0.25 

1.2 

2.5 

15 

600 

300 

80 

B3 

MTP7N18 

(37) 

TO-220 

75 

180 

7 

4.5 

2 

4.5 

1 

0.7 

3.5 

15 

600 

300 

80 

B3 

MTP7N20 

(37) 

TO-220 

75 

200 

7 

4.5 

2 

4.5 

1 

0.7 

3.5 

15 

600 

300 

80 

B3 

IRF720 

(37) 

TO-220 

40 

400 

3 

2 

2 

4 

0.25 

1.8 

1.5 

15 

500 

100 

40 

B4 

IRF721 

(37) 

TO-220 

40 

350 

3 

2 

2 

4 

0.25 

1.8 

1.5 

15 

500 

100 

40 

B4 

IRF722 

(37) 

TO-220 

40 

400 

2.5 

1.5 

2 

4 

0.25 

2.5 

1.5 

15 

500 

100 

40 

B4 

IRF723 

(37) 

TO-220 

40 

350 

2.5 

1.5 

2 

4 

0.25 

2.5 

1.5 

15 

500 

100 

40 

B4 

MTP3N35 

(37) 

TO-220 

75 

350 

3 

2 

2 

4.5 

1 

3.3 

1.5 

15 

500 

100 

40 

B4 

MTP3N40 

(37) 

TO-220 

75 

400 

3 

2 

2 

4.5 

1 

3.3 

1.5 

15 

500 

100 

40 

B4 

IRF820 

(37) 

TO-220 

40 

500 

2.5 

1.5 

2 

4 

0.25 

3 

1 

15 

400 

100 

40 

B5 

IRF821 

(37) 

TO-220 

40 

450 

2.5 

1.5 

2 

4 

0.25 

3 

1 

15 

400 

100 

40 

B5 

IRF822 

(37) 

TO-220 

40 

500 

2.0 

1.0 

2 

4 

0.25 

4 

1 

15 

400 

100 

40 

B5 

IRF823 

(37) 

TO-220 

40 

450 

2.0 

1.0 

2 

4 

0.25 

4 

1 

15 

400 

100 

40 

B5 

MTP2N45 

(37) 

TO-220 

75 

450 

3.0 

2.0 

2 

4.5 

1 

4 

1 

15 

400 

100 

40 

B5 

MTP2N50 

(37) 

TO-220 

75 

500 

3.0 

2.0 

2 

4.5 

1 

4 

1 

15 

400 

100 

40 

B5 


(37) 






























N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25X 

VdSS 

(V) 

Min 

Id@ 

Tc = 25“C 
(A) 

Iro® 

Tc = 100“C 
(A) 

VGS(th) 

(V) 

Min Max 

Id 

@ (mA) 

fif 

Id 

(A) 

Qg 

(nC) 

Max 

Ciss 

(PF) 

Min Max 

CqsS 

(pF) 

Min Max 

CfSS 

(pF) 

Min Max 

Proc. 

No. 

2N6755 

TO-204AA 

75 

60 

12 

8 

2 

4 

1 

0.25 

8 

30 

350 

800 

150 

500 

50 

150 

Cl 

2N6756 

(42) 

TO-204AA 

75 

100 

14 

9 

2 

4 

1 

0.18 

9 

(Note 1) 
30 

350 

800 

150 

500 

50 

150 

Cl 

IRF130 

(42) 

TO-204AA 

75 

100 

14 

9 

2 

4 

0.25 

0.18 

8 

(Note 1) 
30 


800 


500 


150 

Cl 

IRF131 

(42) 

TO-204AA 

75 

60 

14 

9 

2 

4 

0.25 

0.18 

8 

30 


800 


500 


150 

Cl 

IRF132 

(42) 

TO-204AA 

75 

100 

12 

8 

2 

4 

0.25 

0.25 

8 

30 


800 


500 


150 

Cl 

IRF133 

(42) 

TO-204AA 

75 

60 

12 

8 

2 

4 

0.25 

0.25 

8 

30 


800 


500 


150 

Cl 

IRF530 

(42) 

TO-220 

75 

100 

14 

9 

2 

4 

0.25 

0.18 

8 

30 


800 


500 


150 

Cl 

IRF531 

(37) 

TO-220 

75 

60 

14 

9 

2 

4 

0.25 

0.18 

8 

30 


800 


500 


150 

Cl 

IRF532 

(37) 

TO-220 

75 

100 

12 

8 

2 

4 

0.25 

0.25 

8 

30 


800 


500 


150 

Cl 

IRF533 

(37) 

TO-220 

75 

60 

12 

8 

2 

4 

0.25 

0.25 

8 

30 


800 


500 


150 

Cl 

MTP20N08 

(37) 

TO-220 

100 

80 

20 

11.5 

2 

4.5 

1 

0.15 

10 

30 


800 


500 


150 

Cl 

MTP20N10 

(37) 

TO-220 

100 

100 

20 

11.5 

2 

4.5 

1 

0.15 

10 

30 


800 


500 


150 

Cl 

2N6757 

(37) 

TO-204AA 

75 

150 

8 

5 

2 

4 

1 

0.6 

5 

30 

350 

800 

100 

450 

40 

150 

C2 

2N6758 

(42) 

TO-204AA 

75 

200 

9 

6 

2 

4 

1 

0.4 

6 

(Note 1) 
30 

350 

800 

100 

450 

40 

150 

C2 

IRF230 

(42) 

TO-204AA 

75 

200 

9 

6 

2 

4 

0.25 

0.4 

5 

(Note 1) 
30 


800 


450 


150 

C2 

IRF231 

(42) 

TO-204AA 

75 

150 

9 

6 

2 

4 

0.25 

0.4 

5 

30 


800 


450 


150 

C2 


(42) 



















Note 1: Non-JEDEC registered value. 
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N-Channel Power MOSFETs 


N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25X 

Vdss 

(V) 

Min 

Id@ 

Tc = 25X 
(A) 

ho® 

Tc = io(rc 
(A) 

VGS(th) 

(V) 

Min Max 

Id 

@ (mA) 

RDS(on) 

Max 

Id 

(A) 

Qg 

(nC) 

Max 

Ciss 

(PF) 

Min Max 

Coss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

IRF232 

TO-204AA 

(42) 

75 

200 

8 

5 

2 

4 

0.25 

0.5 

5 

30 

800 

450 

150 

C2 

IRF233 

TO-204AA 

(42) 

75 

150 

8 

5 

2 

4 

0.25 

0.5 

5 

30 

800 

450 

150 

C2 

IRF630 

TO-220 

(37) 

75 

200 

9 

6 

2 

4 

0.25 

0.4 

5 

30 

800 

450 

150 

C2 

IRF631 

TO-220 

(37) 

75 

150 

9 

6 

2 

4 

0.25 

0.4 

5 

30 

800 

450 

150 

C2 

IRF632 

TO-220 

(37) 

75 

200 

8 

5 

2 

4 

0.25 

0.5 

5 

30 

800 

450 

150 

C2 

IRF633 

TO-220 

(37) 

75 

150 

8 

5 

2 

4 

0.25 

0.5 

5 

30 

800 

450 

150 

C2 

MTP12N18 

TO-220 

(37) 

100 

180 

12 

8.5 

2 

4.5 

1 

0.35 

6 

30 

800 

450 

150 

C2 

MTP12N20 

TO-220 

(37) 

100 

200 

12 

8.5 

2 

4.5 

1 

0.35 

6 

30 

800 

450 

150 

C2 

2N6759 

TO-204AA 

(42) 

75 

350 

4.5 

3 

2 

4 

1 

1.5 

3.5 

30 

(Note 1) 

350 800 

50 300 

20 80 

C3 

1 

2N6760 

TO-204AA 

(42) 

75 

400 

5.5 

3.5 

2 

4 

1 

1 

3 

30 

(Note 1) 

350 800 

50 300 

20 80 

C3 

IRF330 

TO-204AA 

(42) 

75 

400 

5.5 

3.8 

2 

4 

0.25 

1 

3 

30 

900 

300 

80 

C3 

IRF331 

TO-204AA 

(42) 

75 

350 

5.5 

3.8 

2 

4 

0.25 

1 

3 

30 

900 

300 

80 

C3 

IRF332 

Ta204AA 

(42) 

75 

400 

4.5 

3.0 

2 

4 

0.25 

1.5 

3 

30 

900 

300 

80 

C3 

IRF333 

TO-204AA 

(42) 

75 

350 

4.5 

3.0 

2 

4 

0.25 

1.5 

3 

30 

900 

300 

80 

C3 

[RF730 

TO-220 

(37) 

75 

400 

5.5 

3.8 

2 

4 

0.25 

1 

3 

30 

900 

300 

80 

C3 

IRF731 

TO-220 

(37) 

75 

350 

5.5 

3.8 

2 

4 

0.25 

1 

3 

30 

900 

300 

80 

C3 


Note 1: Non-JEDEC registered value. 



VGS(th) 

(V) 

Min Max 


N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25“C 

Vdss 

(V) 

Min 

Id@ 

Tc = 25“C 
(A) 

'ro® 

Tc = 100°C 
(A) 

Vg 

( 

Min 

S(th) 

V) 

Max 

IRF732 

TO-220 

(37) 

75 

400 

4.5 

3.0 

2 

4 

IRF733 

TO-220 

(37) 

75 

350 

4.5 

3.0 

2 

4 

MTP5N35 

TO-220 

(37) 

75 

350 

5 

3.8 

2 

4.5 

MTP5N40 

TO-220 

(37) 

75 

400 

5 

3.8 

2 

4.5 

2N6761 

TO-204AA 

(42) 

75 

450 

4 

2.5 

2 

4 

2N6762 

TO-204AA 

(42) 

75 

500 

4.5 

3 

2 

4 

IRF430 

TO-204AA 

(42) 

75 

500 

4.5 

3.0 

2 

4 

IRF431 

TO-204AA 

(42) 

75 

450 

4.5 

3.0 

2 

4 

IRF432 

TO-204AA 

(42) 

75 

500 

4 

2.7 

2 

4 

IRF433 

TO-204AA 

(42) 

75 

450 

4 

2.7 

2 

4 

IRF830 

TO-220 

(37) 

75 

500 

4.5 

3.0 

2 

4 

IRF831 

TO-220 

(37) 

75 

450 

4.5 

3.0 

2 

4 

IRF832 

TO-220 

(37) 

75 

500 

4 

2.7 

2 

4 

IRF833 

TO-220 

(37) 

75 

450 

4 

2.7 

2 

4 


Note 1: Non-JEDEC registered value. 


IQ 
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N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 2rc 

Vdss 

(V) 

Min 

Id@ 

Tc = 25X 
(A) 

MTP4N45 

TO-220 

(35) 

75 

450 

4 

MTP4N50 

TO-220 

(35) 

75 

500 

4 

IRF140 

TO-204AA 

(42) 

125 

100 

27 

IRFP140 

TO-3P 

(40) 

150 

100 

29 

IRF141 

TO-204AA 

(42) 

125 

60 

27 

IRFP141 

TO-3P 

(40) 

150 

60 

29 

IRF142 

TO-204AA 

(42) 

125 

100 

24 

IRF143 

TO.204AA 

(42) 

125 

60 

24 

IRF540 

TO-220 

(37) 

125 

100 

27 

IRF541 

TO-220 

(37) 

125 

60 

27 

IRF542 

TO-220 

(37) 

125 

100 

24 

IRF543 

TO-220 

(37) 

125 

60 

24 

IRF240 

TO-204AA 

(42) 

125 

200 

18 

IRFP240 

TO-3P 

(40) 

150 

200 

20 

IRF241 

TO-204AA 

(42) 

125 

150 

18 

IRFP241 

TO-3P 

(40) 

150 

150 

20 

IRF242 

TO-204AA 

(42) 

125 

200 

16 

IRF243 

TO-204AA 

(42) 

125 

150 

16 
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N-Channel Power MOSFETs (Continued) 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 2 src 

Vdss 

(V) 

Min 

Id® 

Tc = 25“C 
(A) 

IfD® 

Tc = locrc 
(A) 

VGS(th) 

(V) 

Min Max 

*D 

@ (mA) 

PDS(on) 

Max 

Id 

(A) 

Qg 

(nC) 

Max 

Ciss 

(PF) 

Min Max 

Coss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

IRF640 

TO-220 

(37) 

125 

200 

18 

11 

2 

4 

0.25 

0.18 

10 

60 

1600 

750 

300 

E2 

IRF641 

TO-220 

(37) 

125 

150 

18 

11 

2 

4 

0.25 

0.18 

10 

60 

1600 

750 

300 

E2 

IRF642 

TO-220 

(37) 

125 

200 

16 

10 

2 

4 

0.25 

0.22 

10 

60 

1600 

750 

300 

E2 

IRF643 

TO-220 

(37) 

125 

150 

16 

10 

2 

4 

0.25 

0.22 

10 

60 

1600 

750 

300 

E2 

IRF340 

TO-204AA 

(42) 

125 

400 

10 

6.7 

2 

4 

0.25 

0.55 

5 

60 

1600 

450 

150 

E3 

IRFP340 

TO-3P 

(40) 

150 

400 

12 

7.5 

2 

4 

0.25 

0.55 

5 

60 

1600 

450 

150 

E3 

IRF341 

TO-204AA 

(42) 

125 

350 

10 

6.7 

2 

4 

0.25 

0.55 

5 

60 

1600 

450 

150 

E3 

IRFP341 

TO-3P 

(40) 

150 

350 

12 

7.5 

2 

4 

0.25 

0.55 

5 

60 

1600 

450 

150 

E3 

IRF342 

TO-204AA 

(42) 

125 

400 

8 

5.5 

2 

4 

0.25 

0.8 

5 

60 

1600 

450 

150 

E3 

IRF343 

TO-204AA 

(42) 

125 

350 

8 

5.5 

2 

4 

0.25 

0.8 

5 

60 

1600 

450 

150 

E3 

IRF740 

TO-220 

(37) 

125 

400 

10 

6.7 

2 

4 

0.25 

0.55 

5 

60 

1600 

450 

150 

E3 

IRF741 

TO-220 

(37) 

125 

350 

10 

6.7 

2 

4 

0.25 

0.55 

5 

60 

1600 

450 

150 

E3 

IRF742 

TO-220 

(37) 

125 

400 

8 

5.6 

2 

4 

0.25 

0.8 

5 

60 

1600 

450 

150 

E3 

IRF743 

TO-220 

(37) 

125 

350 

8 

5.5 

2 

4 

0.25 

0.8 

5 

60 

1600 

450 

150 

E3 

IRF440 

TO-204AA 

(42) 

125 

500 

8 

5.3 

2 

4 

0.25 

0.85 

4 

60 

1600 

350 

150 

E4 

IRFP440 

TO-3P 

(40) 

150 

500 

9.5 

6.0 

2 

4 

0.25 

0.85 

4 

60 

1600 

350 

150 

E4 

IRF441 

TO-204AA 

(42) 

125 

450 

8 

5.3 

2 

4 

0.25 

0.85 

4 

60 

1600 

350 

150 

E4 


<r> 


SI3 JSOW JdMOd lauuBMO-N 
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N-Channel Power MOSFETs 


Id 

^ (mA) 

RDS(on) 

r ® 

Max 

Id 

(A) 

Qg 

(nC) 

Max 

Ciss 

(PF) 

Min Max 

Coss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

0.25 

0.85 

4 

60 


1600 


350 


150 

E4 

0.25 

1.1 

4 

60 


1600 


350 


150 

E4 

0.25 

1.1 

4 

60 


1600 


350 


150 

E4 

0.25 

0.85 

4 

60 


1600 


350 


150 

E4 

0.25 

0.85 

4 

60 


1600 


350 


150 

E4 

0.25 

1.1 

4 

60 


1600 


350 


150 

E4 

0.25 

1.1 

4 

60 


1600 


350 


150 

E4 

1 

0.08 

20 

120 

1000 

3000 

500 

1500 

150 

500 

FI 

1 

0.055 

24 

(Note 1) 
120 

1000 

3000 

500 

1500 

150 

500 

FI 

0.25 

0.055 

20 

(Note 1) 
120 


3000 


1500 


500 

FI 

0.25 

0.055 

20 

120 


3000 


1500 


500 

FI 

0.25 

0.055 

20 

120 


3000 


1500 


500 

FI 

0.25 

0.055 

20 

120 


3000 


1500 


500 

FI 

0.25 

0.08 

20 

120 


3000 


1500 


500 

FI 

0.25 

0.08 

20 

120 


3000 


1500 


500 

FI 

1 

0.12 

16 

120 

1000 

3000 

450 

1200 

150 

500 

F2 

1 

0.085 

19 

(Note 1) 
120 

1000 

3000 

450 

1200 

150 

500 

F2 

0.25 

0.085 

16 

(Note 1) 
120 


3000 


1200 


500 

F2 

0.25 

0.085 

16 

120 


3000 


1200 


500 

F2 

0.25 

0.085 

16 

120 


3000 


1200 


500 

F2 
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Id 

1 (mA) 

RDS(on) 

Id 

(A) 

Qg 

(nC) 

Max 

Ciss 

(PF) 

Min Max 

Cqss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

0.25 

0.085 

16 

120 


3000 


1200 


500 

F2 

0.25 

0.12 

16 

120 


3000 


1200 


500 

F2 

0.25 

0.12 

16 

120 


3000 


1200 


500 

F2 

1 

0.4 

7.75 

120 

1000 

3000 

200 

600 

50 

200 

F3 

1 

0.3 

9 

(Note 1) 
120 

1000 

3000 

200 

600 

50 

200 

F3 

0.25 

0.3 

8 

(Note 1) 
120 


3000 


600 


200 

F3 

0.25 

0.3 

8 

120 


3000 


600 


200 

F3 

0.25 

0.3 

8 

120 


3000 


600 


200 

F3 

0.25 

0.3 

8 

120 


3000 


600 


200 

F3 

0.25 

0.4 

8 

120 


3000 


600 


200 

F3 

0.25 

0.4 

8 

120 


3000 


600 


200 

F3 

1 

0.5 

7 

120 

1000 

3000 

200 

600 

50 

200 

F4 

1 

0.4 

7.75 

(Note 1) 
120 

1000 

3000 

200 

600 

50 

200 

F4 

0.25 

0.4 

7 

(Note 1) 
120 


3000 


600 


200 

F4 

0.25 

0.4 

7 

120 


3000 


600 


200 

F4 

0.25 

0.4 

7 

120 


3000 


600 


200 

F4 

0.25 

0.4 

7 

120 


3000 


600 


200 

F4 

0.25 

0.5 

7 

120 


3000 


600 


200 

F4 

0.25 

0.5 

7 

120 


3000 


600 


200 

F4 
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National 

Semiconductor 


COOLFETs 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25X 

1 - 

VdsS 

(V) 

Min 

Id@ 

Tc = 25X 
(A) 

Irp® 

Tc = 100X 
(A) 

VGS(th) 

(V) 

Min Max 

Id 

@ (mA) 

RDS(on) 

<«) @ 
Max 

Id 

(A) 

Qg 

(nC) 

Max 

Cjss 

(PF) 

Min Max 

Coss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

IRFP240CF 

TO-3P 

(40) 

150 

200 

23 

14 

2 

4 

0.25 

0.144 

10 

60 

1600 

750 

300 

El 

IRFP241CF 

TO-3P 

(40) 

150 

150 

23 

14 

2 

4 

0.25 

0.144 

10 

60 

1600 

750 

300 

El 

IRF640CF 

TO-220 

(40) 

125 

200 

20 

13 

2 

4 

0.25 

0.144 

10 

60 

1600 

750 

300 

E2 

IRFP340CF 

TO-3P 

(40) 

150 

400 

13 

8 

2 

4 

0.25 

0.44 

5 

60 

1600 

450 

150 

E3 

IRFP341CF 

TO-3P 

(40) 

150 

350 

13 

8 

2 

4 

0.25 

0.44 

5 

60 

1600 

450 

150 

E3 

IRF740CF 

TO-220 

(37) 

125 

400 

11 

7 

2 

4 

0.25 

0.44 

5 

60 

1600 

450 

150 

E3 

IRF840CF 

TO-200 

(37) 

125 

500 

8.9 

5.6 

2 

4 

0.25 

0.68 

4 

60 

1600 

350 

150 

E4 

IRFP440CF 

TO-3P 

(40) 

150 

500 

10.5 

6.5 

2 

4 

0.25 

0.68 

4 

60 

1600 

350 

150 

E4 

IRFP441CF 

TO-3P 

(40) 

150 

450 

10.5 

6.5 

2 

4 

0.25 

0.68 

4 

60 

1600 

350 

150 

E4 

IRF150CF 

TO-204AE 

(40) 

150 

100 

44 

28 

2 

4 

0.25 

0.044 

20 

120 

3000 

1500 

500 

FI 

IRFP150CF 

TO-3P 

(40) 

175 

100 

44.5 

28 

2 

4 

0.25 

0.044 

20 

120 

3000 

1500 

500 

FI 

IRFP151CF 

TO-3P 

(40) 

175 

60 

44.5 

28 

2 

4 

0.25 

0.044 

20 

120 

3000 

1500 

500 

FI 

IRF250CF 

TO-204AE 

(40) 

150 

200 

33 

21 

2 

4 

0.25 

0.068 

16 

120 

3000 

1200 

500 

F2 

IRFP250CF 

TO-3P 

(40) 

175 

200 

36 

23 

2 

4 

0.25 

0.068 

16 

120 

3000 

1200 

500 

F2 

IRFP251CF 

TO-3P 

(40) 

175 

150 

36 

23 

2 

4 

0.25 

0.068 

16 

120 

3000 

1200 

500 

F2 
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N-Channel Power MOSFETs 



National 

SemiconductDr 


COOLFETs™ 


Type 

No. 

Case 

Style 

Pd 

(W) 

Tc = 25X 


Id@ 

Tc = 25"C 
(A) 

Iro ® 

Tc = 100X 
(A) 

VGS(th) 

(V) 

Min Max 

Id 

@ (mA) 

PDS(on) 

<«) @ 
Max 

Id 

(A) 

Qg 

(nC) 

Max 

^iss 

(PF) 

Min Max 

Coss 

(pF) 

Min Max 

Crss 

(pF) 

Min Max 

Proc. 

No. 

IRF350CF 

TO-204AE 

(42) 

150 

400 

16.75 

10.6 

2 

4 

0.25 

0.24 

8 

120 

3000 

600 

200 

F3 

IRFP350CF 

TO-3P 

(43) 

175 

400 

19 

12 

2 

4 

0.25 

0.24 

8 

120 

3000 

600 

200 

F3 

IRFP351CF 

TO-3P 

(43) 

175 

350 

19 

12 

2 

4 

0.25 

0.24 

8 

120 

3000 

600 

200 

F3 

IRF450CF 

TO-204AE 

(42) 

150 

500 

14.5 

9.2 

2 

4 

0.25 

0.32 

7 

120 

3000 

600 

200 

F4 

IRFP450CF 

TO-3P 

(43) 

176 

500 

16.5 

10.5 

2 

4 

0.25 

0.32 

7 

120 

3000 

600 

200 

F4 

IRFP451CF 

TO-3P 

(43) 

175 

450 

16.5 

10.5 

2 

4 

0.25 

0.32 

7 

120 

3000 

600 

200 

F4 
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PN100/MMBT100 


National 

Km Semiconductor 





PN100 

/S) 

MMBT100 

ijCN; 





f ^ 

E yu TL/G/10100-5 






TL/G/10100-1 





NPN General Purpose Amplifier 





EICCtriCdl ChdrSCtGriStiCS Ta = unless otherwise noted 




Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

BVcbo 

Ic = lOjmA 

75 



V 

BVceo 

Ic = 1 mA, (Note 1) 

45 



V 

BVebo 

Ie = lOjutA 

6 



V 

•CBO 

VcB = 60V 



50 

nA 

•CES 

VcE = 40V 



50 

nA 

•ebo 

< 

m 

03 

II 

< 



50 

nA 

ON CHARACTERISTICS 

hpE 

Ic = 100 ju,A,Vce = 1V 

80 




hpE 

Ic = 10 mA, VcE = 1V 

100 


450 


hpE 

Ic = 100 mA, VcE = 1V, (Note 1) 

100 




hpE 

Ic = 150 mA, VcE = 5V, (Note 1) 

100 


350 


VcE(sat) 

Ic = 10 mA, Ib ~ 1 rnA 



0.2 


VBE(sat) 

Ic = 10 mA, Ib == 1 mA 



0.85 


VcE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 





VBE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



1.0 


SMALL-SIGNAL CHARACTERISTICS 

Cob 

VcB = 5V, f = 1 MHz 



4.5 

PF 

fj 

VcE = 20V, Ic = 20 mA 

250 



MHz 

*s 

rrr i O m A l_. — 1_— i nr.A 

iwiiirt, 1 iiw-» 


275 


ns 

topp 

Ic = 150 mA, Ibi = Ib 2 “15 mA 



BilHi 

ns 

NF 

Ic = 100 juA, VcE = 5V, Rq = 2 kft, f = 1 kHz 



5.0 

dB 

Note 1: Pulse Test: Pulse Width ^ 300 ju,s, Duty Cycle ^ 2.0%. 

Note 2: Por characteristics curves, see Process 10. 
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National 

mSt Semiconductor 





PN100A MMBT100A 





M' TO-236 

m TO -92 (SOT-23) 

TL/G/10100-5 






TL/G/10100-1 





NPN General Purpose Amplifier 





ElSCtriCSl Ch3r3Ct6riStiCS Ta = 25°C unless otherwise noted 




Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

BVcbo 

Ic = IOjllA 

75 



V 

BVceO 

Ic = 1 mA, (Note 1) 

45 



V 

bVebo 

Ie = lO/xA 

6 



V 

ICBO 

VcB = 60V 



50 

nA 

•CES 

VcE = 40V 



50 

nA 

Iebo 

< 

m 

CD 

11 

< 



50 

nA 

ON CHARACTERISTICS 

hpE 

Ic = lOOjaA, VcE = 1V 

240 




hpE 

Ic = 10 mA, VcE = 1 V 

300 


600 


hpE 

Ic = 100 mA, VcE = 1V, (Note 1) 

100 




hpE 

Ic = 150 mA, VcE = 5V, (Note 1) 

100 




VcE(sat) 

Ic = 10 mA, Ib = 1 mA 



0.2 

V 

VBE(sat) 

Ic ” 16 Ib = 1 rnA 



0.85 

V 

VcE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



0.4 

V 

VBE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



1.0 

V 

SMALL-SIGNAL CHARACTERISTICS 

^ob 

VcB = 5V, f = 1 MHz 



4.5 

PF 

fT 

VcE = 20V, Ic = 20 mA 

250 



MHz 

NF 

Ic = 100 jliA, Vce = 5V, Rq = 2 kn, f = 1 kHz 


1.5 

4.0 

dB 

Note 1: Pulse Test: Pulse Width s: 300 jms, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 10. 
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PN100A/MMBT100A 



PN101/MMBT101 


National 

mSm Semiconductor 




PN101 

/S) 

MMBT101 

(xN; 




f ^ 

E TL/G/10100-5 

TL/G/10100-1 

NPN General Purpose Amplifier 

Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Mill 

Max 

Units 

OFF CHARACTERISTICS 

BVcbo 

o 

II 

o 

> 

100 



BVceo 

Ic = 1 mA, (Note 1) 

65 



BVebO 

Ie = lOjuiA 

6 


bIdBI 

ICBO 

VcB = 60V 


50 

nA 

Ices 

VcE = 50V 


50 

nA 

Iebo 

< 

m 

CD 

II 

< 


50 

nA 

ON CHARACTERISTICS 

hpE 

Ic = lOOjaA, VcE = 1V 

60 



hpE 

Ic = 10 mA, VcE = 1V 

75 

375 


hpE 

Ic = 100 mA, VcE = 5V, (Note 1) 

50 



VcE(sat) 

Ic = 10 mA, Ib = 1 mA 


0.2 

V 

VBE(sat) 

Ic = 10 mA, Ib = 1 mA 


0.85 

V 


Ic = 100 mA, Ib = 10 mA, (Note 1) 


0.35 

V 

VBE(sat) 

Ic = 100 mA, Ib = 10 mA, (Note 1) 


0.95 

V 

SMALL-SIGNAL CHARACTERISTICS 

Cob 

VcB = 5V, f = 1 MHz 


4.0 

PF 

fT 

VcE 10V, Ic “ 10 mA 

125 


MHz 

NF 

Ic = 100 |uiA, VcE = 5V, Rq = 2 kft, f = 1 kHz 


8.0 

dB 

Note 1: Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 

Note 2: Per characteristics curves, see Process 11. 
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National 

Semiconductor 





PN200 

MMBT200 





f 

E qU TL/G/10100-5 

TL/G/10100-1 

PNP General Purpose Amplifier 

Electrical Characteristics ta = 25 °c unless otherwise noted 




Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

BVcbO 

Iq = 10 julA 

60 



V 

BVceo 

Ic = 1 mA, (Note 1) 

45 



V 

BVebO 

Ie = 10/xA 

6 



V 

ICBO 

VcB = 50V 



50 

nA 

Ices 

VcE = 40V 



50 

nA 

Iebo 

> 

II 

CD 

LU 

> 



50 

nA 

ON CHARACTERISTICS 

hpE 

Ic = lOOjitA, VcE = 1V 

80 




hpE 

Ic = lOmA.VcE = 1V 

100 


450 


hpE 

Ic = 100 mA, VcE = 1V, (Note 1) 

100 




hpE 

Ic = 150 mA, VcE = 5V, (Note 1) 

100 


350 


VcE(sat) 

Ic = 10 mA, Ib = 1 mA 



0.2 

V 

VBE(sat) 

Ic = 10 mA, Ib = 1 mA 



0.85 

V 

VcE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



0.4 

V 

VBE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



1.0 

V 

SMALL-SIGNAL CHARACTERISTICS 

Cob 

VcB = 5V, f = 1 MHz 



6.0 

PF 

fj 

VcE = 20V, Ic = 20 mA 

250 



MHz 

ts 

Ic = 10 mA, Ibi = Ib 2 ~ 1 




ns 

tOPP 

Ic = 150 mA, Ibi = Ib 2 “15 mA 




ns 

NF 

Ic = 100 jaA, VcE = 5V, Rq = 2 kH, f = 1 kHz 



5.0 

dB 

Note 1: Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%, 

Note 2: For characteristics curves, see Process 68. 
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PN200/MMBT200 











PN200A/MMBT200A 


National 

JSi Semiconductor 





PN200A MMBT200A 





f ^ 

TL/G/10100-5 

TL/G/10100-1 

PNP General Purpose Amplifier 

Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

BVcbo 

Ic = lOjuiA 

60 



V 

BVceo 

Ic = 1 mA, (Note 1) 

45 



V 

BVebO 

Ie = 10 juiA 

6 



V 

ICBO 

VcB = 50V 



50 

nA 

Ices 

VcE = 40V 



50 

nA 

Iebo 

> 

II 

m 

LU 

> 



50 

nA 

ON CHARACTERISTICS 

hpE 

Ic = lOOjuA.VcE = 1V 

240 




hpE 

Ic = 10 mA, VcE = 1V 

300 


600 


hpE 

Ic = 100mA,VcE = IV, (Note 1) 

100 



gumi 

hpE 

Ic = 150 mA, VcE = 5V, (Note 1) 

100 



mm 

VcECsat) 

Ic = 10 mA, Ib = 1 mA 



0.2 

V 

VBE(sat) 

Ic - 10 mA, Ib == 1 mA 



0.85 

V 

VcE(8at) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



0.4 

V 

VBE(sat) 

Ic = 200 mA, Ib = 20 mA, (Note 1) 



1.0 

V 

SMALL-SIGNAL CHARACTERISTICS 

^ob 

VcB = 5V, f = 1 MHz 



6.0 

BIS 

fT 

VcE = 20V, Ic = 20 mA 

250 




NF 

Ic = 100 jutA, VcE = 5V, Rq = 2 ka, f = 1 kHz 


1.5 

4.0 

dB 

Note 1: Pulse Test: Pulse Width ^ 300 ju,s, Duty Cycle <: 2.0%. 

Note 2: For characteristics curves, see Process 68. 
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National 

mSt Semiconductor 




PN201 

/S) 

MMBT201 

(xX‘ 




f ^ 

TL/G/10100-5 

TL/G/10100-1 

PNP General Purpose Amplifier 

Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

BVcbo 

o 

II 

o 

> 

80 


V 

BVceO 

Ic = 1 mA, (Note 1) 

65 


V 

BVebO 

Ie = 10 jaA 

6 


V 

ICBO 

VcB = 60V 


50 

nA 

Ices 

VcE = 50V 


50 

nA 

Iebo 

< 

m 

CD 

II 

< 


50 

nA 

ON CHARACTERISTICS 

hpE 

Ic = IOOjulA, VcE = IV 

60 



hpE 

Ic = 10 mA, VcE = 1V 

75 

375 


hpE 

Ic = 100 mA, VcE = 5V, (Note 1) 

50 



VcE(sat) 

Ic = 10 mA, Ib = 1 mA 


0.2 

V 

VBE(sat) 

Ic = 10 mA, Ib = 1 mA 


0.85 

V 

VcE(sat) 

Ic = 100 mA, Ib = 10 mA, (Note 1) 


0.4 

V 

VBE(sat) 

Ic = 100 mA, Ib = 10 mA, (Note 1) 


1.0 

V 

SMALL-SIGNAL CHARACTERISTICS 

Cob 

VcB = 5V, f = 1 MHz 


6.0 

PF 

fT 

VcE = 10V, Ic = 10 mA 

100 


MHz 

NF 

Ic = 100 laA, VcE = 5V, Rq = 2 kH, f = 1 kHz 


8.0 

dB 

— 


Note 1: Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 69. 


z 

IS) 

o 
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1/MMBT201 










2N918/PN918/MMBT918 


2N9 

NPN 

Elect 

National 

Semiconductor 

18 PN918 MMBT918 

™"” vt-a 

TL/G/10100-5 

TL/G/10100-12 C 

TL/G/10100-1 

RF Transistor 

rical Characteristics Ta = 25°C unless otherwise noted 

Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

VcEO(sus) 

Collector-Emitter Sustaining Voltage, (Note 2) 

(Ic = 3.0 mAdc, Ib = 0) 

15 


Vdc 

V(br)CBO 

Collector-Base Breakdown Voltage 
(Iq =1.0 juAdc, Ie = 0) 

30 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ig = 10 juiAdc, Ic = 0) 

3.0 


Vdc 

•CBO 

Collector-Cutoff Current 
(VcB = 15Vdc.lE = 0) 

(VcB = 15 Vdc, Ie = O.Ta = ISO^C) 


0.010 

1.0 

jiiAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain 

(Ic = 3.0 mAdc, VcE = 1 -0 Vdc) 

20 



VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.4 

Vdc 

VBE(sat) 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 


1.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current-Gain—Bandwidth Product, (Note 1) 

(Ic = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

600 


MHz 

Cobo 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

(VcB = 0, Ie = 0, f = 140 kHz) 


1.7 

3.0 

PF 

Cibo 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 140 kHz) 


2.0 

PF 

NF 

Noise Figure 

(Ic = 1.0 mAdc, VcE = 6.0 Vdc, Rq = 400a, f = 60 MHz) 






10-10 





NPN RF Transistor (Continued) 


Electrical Characteristics Ta = 25“C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

FUNCTIONAL TEST 

Gpe 

Amplifier Power Gain 

(VcB = 12 Vdc, Ic = 6.0 mAdc, f = 200 MHz) 

15 


dB 

Po 

Power Output 

(VcB = 15 Vdc. Ic = 8.0 mAdc, f = 500 MHz) 

30 


mW 

V 

Collector Efficiency 

(VcB = 15 Vdc, Ic = 8.0 mAdc, f = 500 MHz) 

25 


% 


Note 1: fj is defined as the frequency at which |hfel extrapolates to unity. 
Note 2: Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 

Note 3: For characteristics curves, see Process 43. 
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2N918/PN918/MMBT918 





2N2222/PN2222/MMBT2222/MPQ2222/2N2222A/PN2222A/MMBT2222A 


National 

Semiconductor 


2N2222 

2N2222A 


PN2222 

PN2222A 


MMBT2222 

MMBT2222A 





TO-236 
(SOT-23) 


NPN General Purpose Amplifier 

Electrical Characteristics Ta = 25®C unless otherwise noted 


OFF CHARACTERISTICS _ 

V(BR)CEO Collector-Emitter Breakdown Voltage (Note 1) 

(Ic = lOmA.iB = 0) 

V(BR)CBO Collector-Base Breakdown Voltage 

(Ic = lOjaAJE = 0) 

V(BR)EBO Emitter Base Breakdown Voltage 

(Ie = 10|aA. lc = 0) 

IcEX Collector Cutoff Current 

_ (Vce = 60V, VeB(OFF) = 3-OV) _ 

IcBO Collector Cutoff Current 

(VcB = 50V, Ie = 0) 

(VcB = 60V, Ie == 0) 

(VcB = 50V, Ie = 0, Ta = iso^’C) 

_ (VcB = 60V, Ie = 0. Ta = 150”C) _ 

Iebo Emitter Cutoff Current 

_ (Veb = 3-OV. Ic = 0) _ 

Ibl Base Cutoff Current 

_ (VCE = 60V, VeB(OFF) = 3.0) _ 

ON CHARACTERISTICS _ 

hpE DC Current Gain 

(Ic = 0.1 mA.VcE = 10V) 

(Ic = I.OmA.VcE = 10V) 

(Ic = 10 mA, VcE = 10 V) 

(Ic = 10mA,VcE = 10 V,Ta = -55®C) 

(Ic = 150 mA, VcE = 10V) (Note 1) 

(Ic = 150 mA, VcE = 10V) (Note 1) 

(Ic = 500 mA, VcE = 10V) (Note 1) 


Note 1: Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 
*16-SOIC version also available. Contact factory. 


















NPN General Purpose Amplifier (continued) 

Electrical Characteristics Ta = 25°C unless othenwlse noted (continued) 

Symbol 

Parameter 

Min 

Max 

Units 

ON CHARACTERISTICS (Continued) 

VcE(sat) 

Collector-Emitter Saturation Voltage (Note 1) 

(Ic = 150 mA, Ib = 15 mA) 2222 

2222A 

(Ic = 500 mA, Ib = 50 mA) 2222 

2222A 


0.4 

0.3 

1.6 

1.0 

V 

VBE(sat) 

Base-Emitter Saturation Voltage (Note 1) 

(Ic = 150 mA, Ib = 15 mA) 2222 

2222A 

(Ic = 500 mA, Ib = 50 mA) 2222 

2222A 

0.6 

0.6 

1.3 

1.2 

2.6 

2.0 

V 

SMALL-SIGNAL CHARACTERISTICS 

h 

Current Gain—Bandwidth Product (Note 3) 

(Ic = 20 mA, VcE = 20V, f = 100 MHz) 2222 

2222A 

250 

300 


MHz 

Cobo 

Output Capacitance (Note 3) 

(VcB = 10 V,Ie = 0,f = 100 kHz) 


8.0 

PF 

Cibo 

Input Capacitance (Note 3) 

(Veb = 0.5V, Ic = 0, f = 100 kHz) 2222 

2222A 


30 

25 

PF 

rb'Cc 

Collector Base Time Constant 

(Ie = 20 mA, VcB = 20V, f = 31.8 MHz) 2222A 


150 

ps 

NF 

Noise Figure 

(Ic = 100 ju,A, VcE = 10V, Rs = 1.0 kfl, f = 1.0 kHz) 2222A 


4.0 

dB 

Re(hie) 

Real Part of Common-Emitter 

High Frequency Input Impedance 
(Ic = 20 mA, VcE = 20V, f = 300 MHz) 


60 

n 

SWITCHING CHARACTERISTICS 

to 

Delay Time 

(Vcc = 30V, Vbe(OFF) = 0.5V, except 

Ic = 150 mA, Ibi = 15 mA) MPQ2222 


10 

ns 

tR 

Rise Time 


25 

ns 

ts 

Storage Time 

(Vcc = 30V, Ic = 150 mA, except 

Ibi = Ib 2 = 15 mA MPQ2222 


225 

ns 


Fall Time 


60 

ns 

Note 1: Pulse Test: Pulse Width < 300 jus, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 19. 

Note 3: fj is defined as the frequency at which Ihfel extrapotates to unity. 

Note 4: 2N also available in JAN/TX/V series. 
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2N2222/PN2222/MMBT2222/MPQ2222/2N2222A/PN2222A/MMBT2222A 




2N2369/PN2369/MMBT2369/MPQ2369 





National 

Semiconductor 

2N2369 PN2369 MMBT2369 MPQ2369 

TO-236 

// TO-18 U TO-92 (SOT-23) TL/G/10100-7 

u TL/G/10100-5 

TL/G/10100-9 C 

TL/G/10100-1 

NPN Switching Transistor 

EiOCtriCal Charactoristics Ta = 25°C unless otherwise noted 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 2) 

(Ic = 10 mAdc, Ib = 0) 

15 



Vdc 

V(BR)CES 

Collector-Emitter Breakdown Voltage 
(lc= 10iaAdc,VBE = 0) 

40 



Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = lO/xAdc, Ie = 0) 

40 



Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = lOjaAdc, Ic = 0) 

4.5 



Vdc 

ICBO 

Collector Cutoff Current 
(VcB == 20 Vdc, Ie = 0) 

(VCB = 20 Vdc, Ie = 0, Ta = 125“C) 



0.4 

30 

jLtAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain, (Note 1) 

(Ic = lOmAdc, VcE = 1.0 Vdc) 

(Ic = 10 mAdc, VcE = 1.0 Vdc, Ta = - 55^) 

(Ic = 100 mAdc, VcE = 2.0 Vdc) 

40 

20 

20 


120 


VcE(sat) 

Collector-Emitter Saturation Voltage, (Note 1) 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 



0.25 

Vdc 

VBE(sat) 

Base-Emitter Saturation Voltage, (Note 1) 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

0.70 


0.85 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

^obo 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 



4.0 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 10 mAdc, Vc = 10 Vdc, f = 100 MHz) 

5.0 
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NPN Switching Transistor (Continued) 


Electricai Characteristics Ta = 25°C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

SWITCHING CHARACTERISTICS 

ts 

Storage Time 

(Ibi = Ib2 = Ic = 10 mAdc) (Figured) 

* Except 
MPQ2369 


5.0 

13* 

ns 

^on 

Turn-On Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc) 
(Figure 1) 

*Except 
MPQ2369 


8.0 

12* 

ns 

^off 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc, 

Ib 2 = 1-5 mAdc) (Figured) 

* Except 
MPQ2369 


10 

18* 

ns 

Note 1: Pulse Test; Pulse Width ^ 300 ju,s, Duty Cycle ^ 2.0%. 


Note 2: For characteristics curves, see Process 21. 
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2N2369/PN2369/MMBT2369/MPQ2369 






2N2907/PN2907/MMBT2907/MPQ2907/2N2907A/PN2907A/MMBT2907A 


^National 

XM Semiconductor 

2N2907 PN2907 MMBT2907 MPQ290: 

2N2907A PN2907A MMBT2907A 

TO-236 

// TO-18 U TO-92 (SOT-23) ^ 

U TL/G/10100-5 

TL/G/10100-9 C 

TL/G/10100-1 

PNP General Purpose Amplifier 

Electrical Characteristics ta = 25 °c unless otherwise noted 

r 

•116 

L/G/10100-7 

Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = lOmAdc.lB = 0) 2907 

2907A 

40 

60 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 10 jaAdc, Ie = 0) 

60 


Vdc 

V(BR)EB0 

Emitter-Base Breakdown Voltage 
(Ie = lOjiiAdc, Ic = 0) 

5.0 


Vdc 

ICEX 

Collector Cutoff Current 
(VcE = 30 Vdc, Vbe = 0.5 Vdc) 


50 

nAdc 

ICBO 

Collector Cutoff Current 

(VcB = 50 Vdc, Ie = 0) 2907 

2907A 

(VcB = 50 Vdc, Ie = 0, Ta = 150“C) 2907 

2907A 


0.020 

0.010 

20 

10 

jaAdc 

Ib 

Base Cutoff Current 
(VcE = 30 Vdc, Veb = 0.5 Vdc) 


50 

nAdc 

*16-SOIC version also available. Contact factory. 
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PNP General Purpose Amplifier (continued) 





El6CtriC3l Chdr3Ct6riStiCS Ta = 25‘’C unless otherwise noted (Continued) 




Symbol 

Parameter 

Min 

Max 

Units 

ON CHARACTERISTICS 

hpE 

DC Current Gain 







(Ic = 0.1 mAdc.VcE = lOVdc) 

2907 

35 






2907A 

75 




(Ic = 1.0 mAdc, VcE = 10 Vdc) 

2907 

50 






2907A 

100 




(Ic = lOmAdc.VcE = 10 Vdc) 

2907 

75 






2907A 

100 




(Ic = 150 mAdc, VcE = 

10 Vdc), (Notel) 


100 

300 



(Ic = 500 mAdc, Vce ~ 

10 Vdc), (Notel) 

2907 

30 






2907A 

50 



VcE(sat) 

Collector-Emitter Saturation Voltage, (Note 1) 






(Ic = 150 mAdc, Ib = 15 mAdc) 



0.4 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 



1.6 

VBE(sat) 

Base-Emitter Saturation Voltage 






(Ic = 150 mAdc, Ib = 15 mAdc), (Note 1) 



1.3 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 



2.6 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 


200 


MHz 


(Ic = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 



Cobo 

Output Capacitance 




8.0 

pF 


(VcB = 10Vdc,lE = 0,f 

= 100 kHz) 



Cjbo 

Input Capacitance 




30 

PF 


(Veb = 2.0 Vdc, Ic = 0, f = 100 kHz) 



SWITCHING CHARACTERISTICS 

^on 

Turn-On Time 

(Vce = 30 Vdc, Ic = 150 mAdc, 

Except 


45 

ns 






td 

Delay Time 

Ibi = 15 mAdc) 

MPQ2907 


10 

ns 

tr 

Rise Time 




40 

ns 

^off 

Turn-Off Time 

(Vec = 6.0 Vdc, Ic = 150 mAdc, 

Except 


100 

ns 






ts 

Storage Time 

Ibi = Ib 2 ~ 16 mAdc) 

MPQ2907 


80 

ns 

tf 

Fall Time 




30 

ns 

I Note 1; Pulse Test; Pulse Width ^ 300 jiis, Duty Cycle ^ 2.0%. 





Note 2: For characteristics curves, see Process 63. 

Note 3: 2N also available in JAN/TX/V series. 
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2N2907/PN2907/MMBT2907/MPQ2907/2N2907A/PN2907A/MMBT2907A 




2N3019/TN3019 



National 

Semiconductor 


2N3019 TN3019 



NPN General Purpose Amplifier 


Electrical Characteristics Ta - 25"C unless otherwise noted 


Symbol 


Parameter 


Max 


Units 


OFF CHARACTERISTICS 


V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = 30 mAdc, Ib = 0) 

80 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 100 jaAdc, Ie = 0) 



Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 100 jaAdc, Ic = 0) 

7.0 


Vdc 

•CBO 

Collector Cutoff Current 
(VcB = 90Vdc. Ie = 0) 

(VcB = 90 Vdc, Ie = 0, Ta = 150"C) 


0.01 

10 

juAdc 

•ebo 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 


0.010 

jmAdc 


ON CHARACTERISTICS 


hpE 

DC Current Gain 



HBIIIII 


(Ic = 0.1 mAdc, VcE = 10 Vdc) 

50 




(Ic = 10 mAdc, VcE = 10 Vdc) 

90 




(Ic = 150 mAdc, VcE = 10 Vdc) 

100 




(Ic = 150 mAdc, VcE = 10Vdc,Tc = -56"C) 

40 




(Ic = 500 mAdc, Vce = 10 Vdc) 

50 




(lc= 1.0Adc,VcE= 10 Vdc) 

15 


iHmi 

VcE(sat) 

Collector-Emitter Saturation Voltage 




(Ic = 150 mAdc, Ib = 15 mAdc) 


0.2 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 


1.5 

VBE(sat) 

Base-Emitter Saturation Voltage 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 



10-18 













NPN General Purpose Amplifier (Continued) 


Electrical Characteristics Ta = 25°C unless otherwise noted (Continued) 

Symbol I Parameter 


SMALL-SIGNAL CHARACTERISTICS 


fT 

Current Gain—Bandwidth Product 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

100 

400 

MHz 

Cobo 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


12 

PF 

Cjbo 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


60 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

80 

400 


rb'Cc 

Collector Base Time Constant 2N3019,2N3020 

(Ie = 10 mAdc, VcB = 10 Vdc, f = 4.0 MHz) 


400 

ps 

NF 

Noise Figure 

(Ic = 100 mAdc, VcE = 10 Vdc, 

Rs = 1.0kn,f = 1.0 kHz) 


4 

dB 


Note 1: Pulse Test: Pulse Width ^ 300 ju.s, Duty Cycle 1.0%. 
Note 2: For characteristics curves, see Process 12. 

Note 3: 2N also available in JAN/TX/V series. 
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2N3019/TN3019 



2N3467/TN3467/MPQ3467 


National 

Semiconductor 




2N3467 TN3467 MPQ3467 




W 

w 




Y 1 TO- 

” M TO-237 TO-116 





TL/G/10100-11 l^Ul/ 




TL/G/10100-8 




PNP Switching Transistor 




ElSCtriCdl Chsrsctcristics Ta = 25'’C unless otherwise noted 




Symbol 

Parameter | 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

40 


Vdc 

(Ic = 10 mAdc, Ib = 0) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

40 


Vdc 

(Ic = 10 juAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

5.0 


Vdc 

(Ie = 10 juAdc, Ic = 0) 


•bev 

Base Cutoff Current 


120 

nAdc 


(VcE = -30 Vdc, Vbe = 3.0 Vdc) 


•CEX 

Collector Cutoff Current 


100 

nAdc 


(VcE = -30 Vdc, Vbe = 3.0 Vdc) 


•CBO 

Collector Cutoff Current 





(VcB = 30 Vdc, Ie = 0) 


0.010 

juAdc 


(VcB = 30 Vdc, Ie = 0, Ta = 100"C) 


15 

ON CHARACTERISTICS 

hpE 

DC Current Gain, (Note 1) 





(Ic = ISOmAdc, VcE = 1.0 Vdc) 

40 




(Ic = 500 mAdc, Vce = 1-0 Vdc) 

40 

120 



(Ic = 1.0Adc,VcE = 5.0 Vdc) 

40 



VcE(sat) 

Collector-Emitter Saturation Voltage, (Note 1) 




(Ic = 150 mAdc, Ib = 15 mAdc) 


0.3 



Oc = 500 mAdc, Ib = 50 mAdc) 


0.5 

Vdc 


(Ic = 1.0Adc,lB = 100 mAdc) 


1.0 


VBE(sat) 

Base-Emitter Saturation Voltage, (Note 1) 


■M 


(Ic = 150 mAdc, Ib = 15 mAdc) 





(Ic = 500 mAdc, Ib = 50 mAdc) 

0.8 




(Ic = 1.0 Adc, Ib = 100 mAdc) 
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PNP Switching Transistor (Continued) 

Eiectricai Characteristics Ta = 25“C unless otherwise noted (Continued) 




Note 1: Pulse Test: Pulse Width ^ 300 ju.s, Duty Cycle ^ 2.0%, 
Note 2: For characteristics curves, see Process 70. 






PN3646/MMBT3646 



V(BR)CES 


VcEO(sus) 


V(BR)CBO 



Ices 


Collector-Emitter Breakdown Voltage 

(Ic = 100 jiiAdc, Vbe = 0) _ 

Collector-Emitter Sustaining Voltage, (Note 1) 

(Ic = 10 mAdc, Ib = 0) _ 

Collector-Base Breakdown Voltage 
(Ic = lOOjaAdc, Ie = 0) 


40 Vdc 

15 Vdc 

40 Vdc 



Collector Cutoff Current 
(VcE = 20Vdc, Vbe = 0) 

(VcE = 20 Vdc, Vbe = 0. Ta = es^C) 



0.5 

3.0 


juiAdc 


ON CHARACTERISTICS (Note 1) 


hpE 

DC Current Gain 


(Ic = 30 mAdc, VcE = 0.4 Vdc) 

30 


(Ic = 100 mAdc, VcE = 0.5 Vdc) 

25 


(Ic = 300mA,VcE = 1.0 Vdc) 

15 



VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 30 mAdc, Ib = 3.0 mAdc) 

(Ic = 100 mAdc, Ib == 10 mAdc) 

(Ic = 300 mAdc, Ib = 30 mAdc) 

(Ic = 30 mA, Ib = 3.0 mA, Ta = 65*C) 

0.2 

0.5 

0.3 

VBE(sat) 

Base-Emitter Saturation Voltage 



(Ic = 30 mAdc, Ib = 3.0 mAdc) 

0.75 0.95 


(Ic = 100 mAdc, Ib = 10 mAdc) 

1.2 Vdc 


(Ic = 300 mAdc, Ib = 30 mAdc) 

1.7 
















NPN Switching Transistor (Continued) 


Eiectricai Characteristics Ta = 25"C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min I Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 
(Ic = 30 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

350 


MHz 

Cobo 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


5.0 

PF 

Cjbo 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 



PF 

SWITCHING CHARACTERISTICS 

ton 

Turn-On Time 

(Vcc ~ 10 Vdc, VBE(off) ~ 0.0 Vdc, Ic = 300 mAdc, 

Ibi = 30 mAdc) (Figure 1) 

18 

ns 

td 

Delay Time 

10 

ns 

tr 

Rise Time 

15 

ns 

toff 

Turn-Off Time 

(Vcc = 10 Vdc, Ic = 300 mAdc, Ibi = Ib 2 = 30 mAdc) 

(Figure 1) 

28 

ns 

tf 

Fall Time 

15 

ns 

ts 

Storage Time 

(Vcc = 10 Vdc, Ic = 10 mAdc, Ibi = Ib 2 = 10 mAdc) (Figure 2) 

18 

ns 


Note 1: Pulse Test: Pulse Width ^ 300 jiis, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 22. 
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PN3646/MMBT3646 









2N3725/TN3725/MPQ3725 



National 

Semiconductor 


2N3725 TN3725 MPQ3725 



NPN Switching Transistor 



Electrical Characteristics Ta = 25'’C unless otherwise noted 


Symbol 

Parameter 

Min 

Max 


OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

50 


Vdc 


(Ic = 10 mAdc, Ib = 0) 


V(BR)CES 


80 

i_ 


Vdc 




V(BR)CBO 




Vdc 


(Ic 10 juAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

6.0 




(Ie = 10 juiAdc, Ic = 0) 


ICBO 

Collector Cutoff Current 





(VcB = 60 Vdc, Ie = 0) 


1.7 

juiAdc 


(VcB = 60 Vdc. Ie = 0, Ta = 100‘’C) 


120 

Ices 

Collector Cutoff Current 


10 

jaAdc 


(VcE = 80 Vdc, Veb = 0) 


ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 


1 



Oc = lOmAdc, VcE = 1.0 Vdc) 

30 




(Ic = 100 mAdc, VcE = 1.0 Vdc) 

60 

150 



dc = 100 mAdc, VcE = 1.0 Vdc, Ta = - 55*C) 

30 




(Ic == 300 mAdc, Vce = 1.0 Vdc) 

40 




(Ic = 500 mAdc, Vce = 1-0 Vdc) 

35 




(Ic = 500 mAdc, Vce = 1 -0 Vdc, Ta == - 55‘’C) 

20 




(Ic = 800 mA, Vce = 2.0V) 

20 




(Ic = I.OAdc.VcE = 5.0V) 

25 
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NPN Switching Transistor (continued) 




El6CtriCdl Chdrsctoristics Ta = 25°C unless otherwise noted (continued) 




Symbol 

Parameter 

Min 

Max 

Units 

ON CHARACTERISTICS (Note 1) (Continued) 

VcE(sat) 

Collector-Emitter Saturation Voltage 





(Ic = 10 mAdc, Ib = 1.0 mAdc) 



0.25 



(Ic = 100 mAdc, Ib = 10 mAdc) 



0.26 



(Ic = 300 mAdc, Ib = 30 mAdc) 



0.40 

Vdc 


(Ic = 500 mAdc, Ib = 50 mA) 



0.52 


(Ic = 800 mAdc, Ib = 80 mA) 



0.80 



(Ic = 1.0 mAdc, Ib = 100 mA 



0.95 


VBE(sat) 

Base-Emitter Saturation Voltage 






(Ic = 10 mAdc, Ib = 10 mAdc) 



0.76 



(Ic = 100 mAdc, Ib = 10 mAdc) 



0.86 



(Ic = 300 mAdc, Ib = 30 mAdc) 



1.1 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 



1.1 


(Ic = 800 mAdc, Ib = 80 mAdc) 



1.5 



(Ic = 1.0 mAdc, Ib = 100 mAdc) 



1.7 


SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 


300 


MHz 


(Ic = 50 mAdc, VcE = 1 0 Vdc, f = 100 MHz) | 


Cobo 

Output Capacitance 



10 

PF 


(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) j 


Cjbo 

Input Capacitance 



55 

PF 


(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) j 


SWITCHING CHARACTERISTICS 

td 

Delay Time 

(Vcc = 30 Vdc, VBE(off)= = 3.8 Vdc, 


10 

ns 

tr 

Rise Time 

Ic = 500 mAdc, Ibi = 50 mAdc) 
(Figures 8, except MPQ3725 


30 

ns 






ton 

Turn-On Time 


35 

ns 



MPQ3725 


40 

ns 


Storage Time 

(Vcc = 30 Vdc, Ic = 500 mAdc, 


50 

ns 

tf 

Fall Time 

Ibi == iBa ^ 50 mAdc) 

(Figures 9, 10), except MPQ3725 


25 

ns 






toff 

Turn-On Time 


60 

ns 



MPQ3725 


75 

ns 

Note 1: Pulse Test: Pulse Width ^ 300 jms, Duty Cycle ^ 1.0%. 

Note 2: For characteristics curves, see Process 25. 
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2N3725/TN3725/MPQ3725 




2N3904/MMBT3904/MPQ3904 



National 

Semiconductor 


2N3904 



MMBT3904 MPQ3904’^ 



(SOT-23) TL/G/10100-7 

TL/G/10100-6 


NPN General Purpose Amplifier 


Electrical Characteristics Ta = 25‘’C unless otherwise noted 


Symbol 

I Parameter | 

Min 1 

Max 1 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = 10 mAdc, Ib = 0) 

40 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 10 jLtAdc, Ie = 0) 

60 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = lOjutAdc.lc = 0) 

6.0 


Vdc 

•bl 

Base Cutoff Current 
(VcE = 30 Vdc, Veb = 3.0 Vdc) 


50 

nAdc 

ICEX 

Collector Cutoff Current 
(VcE = 30 Vdc, Veb = 3.0 Vdc) 


50 

nAdc 


ON CHARACTERISTICS 


hPE 

DC Current Gain, (Note 1) 





(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 

40 




(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 

70 




(Ic = lOmAdc, VcE = 1.0 Vdc) 

100 

300 



(Ic = 50mAdc.VcE = 1.0 Vdc) 

60 




(Ic = lOOmAdc, VcE = 1.0 Vdc) 

30 



VcE(sat) 

Collector-Emitter Saturation Voltage, (Note 1) 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.2 

Vdc 


Oc == 50 mAdc, Ib = 5.0 mAdc) 


0.3 

VBE(sat) 

Base-Emitter Saturation Voltage, (Note 1) 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 

0.65 

0.85 

Vdc 


Oc = 50 mAdc, Ib = 5.0 mAdc) 


0.95 


*16-SOIC version also available. Contact factory. 
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2N3906/MMBT3906/MPQ3906 


National 

kA Semiconductor 


2N3906 


MMBT3906 MPQ3906^ 





C “ TO-116 

TL/G/10100-7 


TL/G/10100-5 


PNP General Purpose Amplifier 
Electrical Characteristics Ta = 25®C unless otherwise noted 


Symbol 

Parameter | 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

40 


Vdc 

(Ic = I.OmAdc, Ib = 0) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

40 


Vdc 

(Ic = 10 jaAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

5.0 


Vdc 

(Ie = 10 jLiAdc, Ic = 0) 


Ibl 

Base Cutoff Current 


50 

nAdc 

(VcE = 30 Vdc, Vbe = 3.0 Vdc) 


ICEX 

Collector Cutoff Current 


50 

nAdc 

(VcE = 30 Vdc. Vbe = 3.0 Vdc) 


ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain, (Note 1) 





(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 

60 




(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 

80 




(Ic = lOmAdc, VcE = 1.0 Vdc) 

100 

300 



(Ic = 50 mAdc, VcE = 1 -0 Vdc) 

60 




(Ic = 100 mAdc, VcE = 1 -0 Vdc) 

30 



VcE(sat) 

Collector-Emitter Saturation Voltage 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 



■i 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



VBE(sat) 

Base-Emitter Saturation Voltage 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 

0.65 

0.85 

Vdc 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


0.95 


*16-SOIC version also available. Contact factory. 
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PNP General Purpose Amplifier (Continued) 


Electrical Characteristics Ta = 25°C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

250 


MHz 

Cobo 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 MHz) 


4.5 

PF 

Cjbo 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 


10.0 

PF 

NF 

Noise Figure 

(Ic = 100 juAdc, VcE = 5.0 Vdc, Rs = 1.0 ka, 2N3906 

f = 10 Hz to 15.7 kHz) MMBT3906 


4.0 

dB 

SWITCHING CHARACTERISTICS 

td 

Delay Time 

(Vcc = 3.0 Vdc, Vbe = 0.5 Vdc, 2N3906 

Ic = 10 mAdc, Ibi = 1.0 mAdc) MMBT3906 


35 

ns 

tr 

Rise Time 


35 

ns 

ts 

Storage Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, 2N3906 

Ibi = Ib 2 = 1-0 mAdc) MMBT3906 


225 

ns 

tf 

Fall Time 


75 

ns 


Note 1: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 
Note 2; For characteristics curves, see Process 66. 
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2N3906/MMBT3906/MPQ3906 



2N4033/TN4033 


^National 
id Semiconductor 




2N4033 

TN4033 





^^^TO-237 




TL/G/10100-11 E ^1/ 





TL/G/10100-8 




PNP General Purpose Amplifier 




Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CE0 

Collector-Emitter Breakdown Voltage, (Note 1) 

80 


Y 

(lc= 10 mA) 



V(BR)CBO 

Collector-Base Breakdown Voltage 

80 


Y 

(lc= 10/xA) 



V(BR)EB0 

Emitter-Base Breakdown Voltage 

5.0 


Y 

1 

o 

II 

JJJ 



•CBO 

Collector-Cutoff Current 





(VcB = 60V) 


50 

nA 


(Vcb = 60V.Ta= ISO^C) 


50 

jliA 

•ebo 

Emitter-Cutoff Current 
(Veb = 5.0V) 


10 

jLlA 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 





(Ic = 100 mA. VcE = 5.0V. @ -SS^C) 

40 




(Ic = 100 juiA,Vce = 5.0V) 

75 




(Ic = 100 mA, VcE = 5.0V) 

100 

300 



(Ic = 500 mA, VcE = 5.0V) 

70 




(lc= 1.0 A,Vce = 5.0V) 

25 



VcE(sat) 

Collector-Emitter Saturation Voltage 




(Ic = 150mA,lB = 15 mA) 


0.15 



(Ic = 500 mA, Ib = 50 mA) 


0.50 


VBE(sat) 

Base-Emitter Saturation Voltage 


0.9 

Y 

(Ic = 150 mA, Ib = 15 mA) 



VBE(on) 

Base-Emitter On Voltage 


1.1 

Y 

(Ic = 500 mA, VcE = 0.5V) 
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PNP General Purpose Amplifier (Continued) 


Electrical Characteristics Ta = 25“C unless otherwise noted (Continued) 

Symbol Parameter I Min 


SMALL-SIGNAL CHARACTERISTICS _ 

Cobo Output Capacitance 

_ (VcE = 10V.f = 1.0 MHz) _ 

Cjbo input Capacitance 

_ (Veb = 0.5V, f = 1.0 MHz) _ 

hfe Small Signal Current Gain 

(Ic = 50 mA, VcE = 10V, f = 100 MHz) 


SWITCHING CHARACTERISTICS _ 

ts Storage Time 

(Ic = 500 mA, Ibi = Ib 2 = 50 mA) 
ton Turn-On Time 

_ (Ic = 500 mA, Ibi = 50 mA) _ 

tf Fall Time 

(Ic = 500 mA, Ibi = Ib 2 “ 50 mA) 

Note 1: Pulse Width = 300 jus, Duty Cycle 1.0%. 

Note 2: For characteristics curves, see Process 67. 


20 

PF 

110 

PF 

4.0 



350 

ns 

100 

ns 

50 

ns 
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2N4033/TN4033 






PN4258/MMBT4258 



National 

Semiconductor 


PN4258 


MMBT4258 




TO-236 
(SOT-23) 


TL/G/10100-5 


PNP Switching Transistor 

Eiectricai Characteristics ta = 25‘’C unless otherwise noted 


Symbol 


Parameter 


Min 


Max 


Units 


OFF CHARACTERISTICS 


V(BR)CES 


Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = 100 juiAdc, Vbe = 0) 


12 


Vdc 


VcEO(8U8) 


Collector-Emitter Sustaining Voltage, (Note 1) 
(Ic = 3.0 mAdc, Ib = 0) 


12 


Vdc 


V(BR)CBO 


Collector-Base Breakdown Voltage 
(Ic = 100 /iAdc.lE = 0)_ 


12 


Vdc 


V(BR)EBO 


Emitter-Base Breakdown Voltage 
(Ie = 100 jLiAdc, Ic = 0) 


4.5 


Vdc 


•CES 


Collector Cutoff Current 
(VcE = 6.0 Vdc, Vbe = O) 

(VcE = 6.0 Vdc, Vbe = 0, Ta = 65“C) 


0.01 

5.0 


jixAdc 


ON CHARACTERISTICS (Note 1) 


hpE 

DC Current Gain 





(Ic = 1.0 mAdc, VcE = 0.5 Vdc) 

15 




(Ic = lOmAdc.VcE = 3.0 Vdc) 

30 

120 



(Ic = 50 mAdc, VcE = 1-0 Vdc) 

30 



VcE(sat) 

Collector-Emitter Saturation Voltage 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.15 

Vdc 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


0.5 

VBE(sat) 

Base-Emitter Saturation Voltage 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 

0.75 




(Ic = 50 mAdc, Ib = 5.0 mAdc) 




SMALL-SIGNAL CHARACTERISTICS 


fj 

Current Gain—Bandwidth Product, (Note 2) 

(Ic = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

(Ic = 10 mAdc, VcE = 10 Vdc, f == 100 MHz) 

700 


MHz 

Cibo 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 



PF 

Ccb 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


3.0 

PF 
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[BF4391/2N4392/PN4392/MMBF4392/2N4393/PN4393/MMBF4393 


National 

Semiconductor 


2N4391 

2N4392 

2N4393 



PN4391 

PN4392 

PN4393 



TL/G/10100-9 G 


MMBF4391 

MMBF4392 

MMBF4393 



TO-236 
(SOT-23) 


General Purpose N-Channel JFET Transistor 
Electrical Characteristics Ta = 25°C unless otherwise noted 


S OFF CHARACTERISTICS 

















General Purpose N-Channel JFET Transistor (continued) 

Electrical Characteristics Ta = 25°C unless otherwise noted (continued) 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

lytsl 

Forward Transfer Admittance 







(Vds = 15 Vdc, Id = 60 mAdc, f = 1.0 kHz) 

4391 


20 




(Vds = 15 Vdc, Id = 25 mAdc, f = 1.0 kHz) 

4392 


17 


mmhos 


(Vds = 15 Vdc, Id = 5.0 mAdc, f = 1.0 kHz) 

4393 


12 



fDS(on) 

Drain-Source On Resistance 







(Vgs = 0, Id = 0,f = 1.0 kHz) 

4391 



30 




4392 



60 

il 



4393 



100 


Ciss 

Input Capacitance 



ft n 

14 

V 


(Vgs = 15 Vdc, Vds = o, f = i.o mhz) 






Crss 

Reverse Transfer Capacitance 







(Vgs = 12 Vdc, Vds = o, f = i.o mhz) 



2.5 

3.5 



(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 MHz) 



3.2 


Pf" 

SWITCHING CHARACTERISTICS 

tr 

Rise Time (See Figure 2) 







(iD(on) = 12 mAdc) 

4391 


1.2 

5.0 



(iD(on) = 6.0 mAdc) 

4392 


2.0 

5.0 

ns 


(iD(on) “3.0 mAdc) 

4393 


2.5 

5.0 


tf 

Fall Time (See Figure 4 ) 







(VGS(off) = 12 Vdc) 

4391 


7.0 

15 



(VGS(off) = 7.0 Vdc) 

4392 


15 

20 

ns 


(VGS(off) = 5.0 Vdc) 

4393 


29 

35 


^on 

Turn-On Time (See Figures 1 and ^) 







(iD(on) = 12 mAdc) 

4391 


3.0 

15 



(•□(on) = 6.0 mAdc) 

4392 


4.0 

15 

ns 


(•□(on) = 3.0 mAdc) 

4393 


6.5 

15 


toff 

Turn-Off Time (See Figures 3 and 4) 







(VGS(off) = 12 Vdc) 

4391 


10 

20 



(VGS(off) = 7.0 Vdc) 

4392 


20 

35 

ns 


(VGS(off) = 5.0 Vdc) 

4393 


37 

55 


Note 1: Pulse Width ^ 100 /xs, Duty Cycle ^ 1.0%. 





Note 2: For characteristics curves, see Process 51. 
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2N4391/PN4391/MMBF4391/2N4392/PN4392/MMBF4392/2N4393/PN4393/MMBF4393 




2N4401/MMBT4401 



National 

Semiconductor 


2N4401 MMBT4401 




TO-236 
(SOT-23) 

TL/G/10100-5 


NPN General Purpose Amplifier 


Eiectricai Characteristics Ta = 25‘’C unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = I.OmAdc.le = 0) 

40 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, Ie = 0) 

60 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, Ic = 0) 

6.0 


Vdc 

II 

Base Cutoff Current 
(VcE = 35 Vdc, Veb = 0.4 Vdc) 


0.1 

juAdc 

ICEX 

Collector Cutoff Current 
(VcE = 35 Vdc. Veb = 0.4 Vdc) 


0.1 

jaAdc 


ON CHARACTERISTICS (Note 1) 


hpE 

DC Current Gain 





(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 

20 




(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 

40 




(Ic = lOAdc.VcE = 1.0 Vdc) 

80 




(Ic = 150 mAdc, VcE = 1.0 Vdc) 

100 

300 



(Ic = 500 mAdc, Vce = 2.0 Vdc) 

40 



VcE(sat) 

Collector-Emitter Saturation Voltage 





(Ic = 150 mAdc, Ib = 15 mAdc) 


0.4 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 


0.75 

VBE(sat) 

Base-Emitter Saturation Voltage 





(Ic = 150 mAdc, Ib = 15 mAdc) 

0.75 

0.95 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 


1.2 
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NPN General Purpose Amplifier (Continued) 

Electrical Characteristics Ta = 25‘*C unless othenvise noted (Continued) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain—Bandwidth Product 
(Ic = 20 mAdc, VcE = 10 Vdc, f = 100 f 


Ccb 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


6.5 

PF 

Ceb 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 


30 

PF 

hie 

Input Impedance 

(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

1.0 

15 

kn 

hre 

Voltage Feedback Ratio 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

0.1 

8.0 

X 10“4 

hfe 

Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

40 

500 





storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 


225 

ns 

Fall Time 

Ibi Ib 2 =15 mAdc) 


30 

ns 


Note 1: Pulse Test: Pulse Width 300 jus, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 13. 


10-37 












2N4403/MMBT4403 


National 

Semiconductor 


2N4403 MMBT4403 


TO-236 

-92 (SOT-23) 

TL/G/10100-5 

TL/G/10100-1 

PNP General Purpose Amplifier 


Electrical Characteristics Ta = 25*C unless otherwise noted 


Symbol 

Parameter 



Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

40 


Vdc 


(lc= I.OmAdc, Ib = 0) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

40 


Vdc 


(Ic = 0.1 mAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

5.0 




(Ie = 0.1 mAdc, Ic = 0) 


II 

Base Cutoff Current 


0.1 

jaAdc 


(VcE = 35 Vdc, Vbe = 0.4 Vdc) 


ICEX 

Collector Cutoff Current 


0.1 

juAdc 


(Vce = 35 Vdc, Vbe = 0.4 Vdc) 


ON CHARACTERISTICS 

hpE 

DC Current Gain 





(Ic = 0.1 mAdc, Vce = 1-0 Vdc) 

30 




(Ic = 1.0 mAdc, Vce = 1-0 Vdc) 

60 




(lc= 10 mAdc, Vce = 1.0 Vdc) 

100 




(Ic = 150 mAdc, Vce = 2.0 Vdc), (Note 1) 

100 

300 



(Ic == 500 mAdc, Vce = 2.0 Vdc), (Note 1) 

20 



VcE(sat) 

Collector-Emitter Saturation Voltage, (Note 1) 




(Ic = 150 mAdc, Ib = 15 mAdc) 


0.4 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 


0.75 

VBE(sat) 

Base-Emitter Saturation Voltage, (Note 1) 




(Ic = 150 mAdc, Ib = 15 mAdc) 

0.75 

0.95 

Vdc 


(Ic = 500 mAdc, Ib = 50 mAdc) 


1.3 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 

200 


MHz 


(Ic = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 


Ccb 

Collector-Base Capacitance 


8.5 

PF 


(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 


Ceb 

Emitter-Base Capacitance 


30 

PF 


(Veb = 0.5 Vdc, Ic = 0, f = 140 kHz) 
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PNP General Purpose Amplifier (Continued) 


Electrical Characteristics Ta = 25“C unless othenvise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

SWITCHING CHARACTERISTICS 

td 

Delay Time 

(Vcc = 30 Vdc, Vbe = 2.0 Vdc, 


15 

ns 

tr 

Rise Time 

Ic = ISOmAdc, Ibi = 15mAdc) 


20 

ns 


Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 


225 

ns 

tf 

Fall Time 

Ibi = lea = 15 mAdc) 


30 

ns 


Note 1: Pulse Test: Pulse Width ^ 300 jms, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 63. 


D 
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2N4403/MMBT4403 





2N5086/MMBT5086/2N5087/MMBT5087 



National 

Semiconductor 


2N5086 

2N5087 



MMBT5086 

MMBT5087 



TO-236 
(SOT-23) 

TL/G/10100-5 


PNP General Purpose Amplifier 


Electrical Characteristics Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CE0 

Collector-Emitter Breakdown Voltage, (Note 1) 


50 


Vdc 


(Ic = 1.0 mAdc, Ib = 0) 



V(br)CBO 

Collector-Base Breakdown Voltage 


50 


Vdc 


(Ic = lOOjuAdc, Ie = 0) 



•CBO 

Collector Cutoff Current 



■■I 



(Vcb = lOVdc, Ie = 0) 






(VcB = 35Vdc, Ie = 0) 




•ebo 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 




ON CHARACTERISTICS 

hpE 

DC Current Gain 






(Ic = 100 fxAdc, VcE = 5.0 Vdc) 

2N5086 

150 

500 




2N5087 

250 

800 



(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

2N5086 

150 





2N5087 

250 




(Ic = 10 mAdc, VcE = 5.0 Vdc), (Note 1) 

2N5086 

150 





2N5087 

250 



VcE(sat) 

Collector-Emitter Saturation Voltage 



0.3 

Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 




VBE(on) 

Base-Emitter On Voltage 



0.85 

Vdc 

(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 
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PNP General Purpose Amplifier (continued) 




EICCtriCdl Chdrsctoristics Ta = 25°c unless otherwise noted (Continued) 



Symbol 

Parameter | 

Min 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 

40 


MHz 


(Ic = 50 jaAdc, VcE = 5.0 Vdc, f = 20 MHz) 


Ccb 

Collector-Base Capacitance 


4.0 

PF 


(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


hfe 

Small-Signal Current Gain 





(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5086 

150 

600 



2N5087 

250 

900 


NF 

Noise Figure 





(Ic = 20 jaAdc, VcE = 5.0 Vdc. Rs = 10 kn, 2N5086 


3.0 



f = 10Hzto15.7kHz) 2N5087 


2.0 

dB 


(Ic = 100 jaAdc, VcE = 5.0 Vdc, Rs = 3.0 kH, 2N5086 


3.0 


f= 1.0 kHz) 2N5087 


2.0 


Note 1: Pulse Test: Pulse Width ^ 300 ju,s, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 62. 
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2N5086/MMBT5086/2N5087/MMBT5087 





2N5088/MMB5088/2N5089/MMBT5089 


National 

Semiconductor 



2N5088 MMBT5088 

2N5089 MMBT5089 



TL/G/10100-1 


NPN General Purpose Amplifier 


Electrical Characteristics Ta = 25°C unless otherwise noted 



OFF CHARACTERISTICS 


V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 






(Ic = I.OmAdc, Ib = 0) 

2N5088 

30 


Vdc 



2N5089 

25 


V(BR)CBO 

Collector-Base Breakdown Voltage 






(Ic = 100 juiAdc, Ie = 0) 

2N5088 

35 


Vdc 



2N5089 

30 


ICBO 

Collector Cutoff Current 






(VcB = 20 Vdc, Ie = 0) 

2N5088 


50 

nAdc 


(VcB = 15Vdc, Ie = 0) 

2N5089 


50 

Iebo 

Emitter Cutoff Current 






(VEB(off) = 3 0 Vdc, Ic = 0) 



50 

nAdc 


(VEB(off) = 4.5 Vdc, Ic = 0) 



100 


ON CHARACTERISTICS 


hpE DC Current Gain 



(Ic = 100 jaAdc, VcE = 5.0 Vdc) 2N5088 

2N5089 

(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 2N5088 

2N5089 

(Ic = 10 mAdc, VcE = 5.0 Vdc), (Note 1) 2N5088 

2N5089 

300 

400 

350 

450 

300 

400 

900 

1200 


VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, Ib = 1.0 mAdc) 


0.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 


0.8 

Vdc 
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NPN General Purpose Amplifier (Continued) 


Electrical Characteristics Ta = 25‘’C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product 
(Ic = 500 juAdc, VcE = 5.0 Vdc, f = 20 MHz) 

50 


MHz 

Ccb 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0. f = 100 kHz) 


4.0 

PF 

Ceb 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 


10 

PF 

hfe 

Small-Signal Current Gain 

(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5088 

2N5089 

350 

450 

1400 

1800 


NF 

Noise Figure 

(Ic = 100 ju,Adc, VcE = 5.0 Vdc, Rs = 10 kft, 2N5088 

f = 10 Hz to 15.7 kHz) 2N5089 


3.0 

2.0 

dB 


Note 1: Pulse Test; Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 07. 
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2N5088/MMB5088/2N5089/MMBT5089 





2N5179/PN5179/MMBT5179 


2N5 

NPN 

Elect 

I National 

I Semiconductor 

179 PN5179 MMBT5179 

UH TO-92 (MT-23) 

TL/G/10100-5 

TL/G/10100-12 C 

TL/G/10100-1 

RF Transistor 

ricai Characteristics = 25°C unless otherwise noted 

Symbol 

Parameter | 

Min 

Max 

Units 1 

OFF CHARACTERISTICS 

VcEO(sus) 

Collector-Emitter Sustaining Voltage, (Note 2) 

(Ic = 30 mAdc, Ib = 0) 

12 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 0.001 mAdc, Ie = 0) 

20 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 0.01 mAdc, Ic = 0) 

2.5 


Vdc 

ICBO 

Collector Cutoff Current 
(VcB = 15Vdc, Ie = 0) 

(VcB = 15 Vdc, Ie = 0, Ta = 150“C) 




ON CHARACTERISTICS 

hpE 

DC Current Gain 

(Ic = 3.0 mAdc, VcE = 1-0 Vdc) 

25 

250 


VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.4 

Vdc 

VBE(sat) 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 


1.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current Gain—Bandwidth Product, (Note 1) ■ 

(Ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

900 

2000 


Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


1.0 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 

25 

300 


d 

o 

Collector Base Time Constant 
(Ie = 2.0 mAdc, Vcb = 6.0 Vdc, f = 31.9 MHz) 

3.0 

14 

ps 

NF 

Noise Figure 

(Ic = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50n, f = 200 MHz) 


4.5 

dB 
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NPN RF Transistor (Continued) 


Electrical Characteristics Ta = 25'’C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

FUNCTIONAL TEST 

Gpe 

Common-Emitter Amplifier Power Gain (Figure 1) 

(VcE = 6.0 Vdc, Ic = 5.0 mAdc. f = 200 MHz) 

15 


dB 

P out 

Power Output 

(VcB = 10 Vdc, Ie = 12 mAdc, f ^ 500 MHz) 

20 


mW 


Note 1: fj is defined as the frequency at which |hfel extrapolates to unity. 
Note 2: Pulse Test: Pulse Width ^ 300 jms, Duty Cycle ^ 2.0%. 

Note 3: For characteristics curves, see Process 40. 
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2N5179/PN5179/MMBT5179 





2NS401/MMBT5401 


National 

Semiconductor 


2N5401 MMBT5401 


L 


m (St-23) 

TL/G/10100-5 

TL/G/10100-1 

PNP General Purpose Amplifier 


Electrical Characteristics Ta = 25“C unless Otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

150 


Vdc 


(Ic = I.OmAdc, Ib = 0) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

160 


Vdc 


(Ic = 100 juiAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

5.0 


Vdc 


(Ie = lOjuiAdc, Ic = 0) 


•CBO 

Collector Cutoff Current 





(VcB = 120Vdc, Ie = 0) 





(VcB = 120 Vdc, Ie = 0, Ta = 100“C) 




Iebo 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 




ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 





(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

50 




(Ic = lOmAdc.VcE = 5.0 Vdc) 

60 

240 



(Ic = 50 mAdc, VcE = 5.0 Vdc) 

50 



VcE(sat) 

Collector-Emitter Saturation Voltage 





(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.20 

Vdc 


(Ic = 60 mAdc, Ib = 5.0 mAdc) 


0.5 

VBE(sat) 

Base-Emitter Saturation Voltage 





(Ic = 10 mAdc, Ib = 1.0 mAdc) 


1.0 

Vdc 

_ 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 


1.0 
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2N5457/MMBF5457/2N5458/MMBF5458/2N5459/IVIMBF5459 



National 

Semiconductor 


2N5457 MMBF5457 

2N5458 MMBF5458 

2N5459 MMBF5459 



TL/G/10100-2 

N-Channel JFET Transistor 


Electrical Characteristics Ta = 25“C unless otherwise noted 


Symbol 

Parameter 


Typ 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)GSS 

Gate-Source Breakdown Voltage 


-25 



Vdc 


(Iq = -lOfxAdc.VDs = 0) 




Iqss 

Gate Reverse Current 







(Vgs= -15Vdc,VDs = 0) 




-1.0 

nAdc 


(Vgs = -15 Vdc, Vds = o,Ta = lOO^’C) 




-200 

VGS(off) 

Gate Source Cutoff Voltage 







(Vds = 15 Vdc, Id = lOnAdc) 

2N5457 

-0.5 


-6.0 




2N5458 

-1.0 


-7.0 

Vdc 



2N5459 

-2.0 


-8.0 


Vgs 

Gate Source Voltage 







(Vds = 15 Vdc, Id = 100 juAdc) 

2N5457 


-2.5 




(Vds = 15 Vdc, Id = 200 juAdc) 

2N5458 


-3.5 


Vdc 


(Vds = 15 Vdc, Id = 400 jaAdc) 

2N5459 


-4.5 




ON CHARACTERISTICS 


loss 

Zero-Gate-Voltage Drain Current, (Note 1) 






(Vds = 15 Vdc, Vgs = O) 2N5457 

1.0 

3.0 

5.0 



2N5458 

2.0 

6.0 

9.0 

mAdc 


2N5459 

4.0 

9.0 

16 
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N-Channel JFET Transistor (Continued) 


Electrical Characteristics Ta = 25“C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

lyfsl 

Forward Transfer Admittance Common Source, (Note 1) 

(Vds = 15 Vdc. Vgs = 0, f = 1.0 kHz) 2N5457 

2N5458 

2N5459 

1000 

1500 

2000 


5000 

5500 

6000 

jLtmhos 

IYosI 

Output Admittance Common Source, (Note 1) 

(Vds = 15 Vdc, Vgs = O, f = i.o kHz) 


10 

50 

jLtmhos 

Qss 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 


4.5 

7.0 

PF 

Crss 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 


1.5 

3.0 

pF 


Note 1: Pulse Width ^ 630 ms, Duty Cycle 10%. 
Note 2: For characteristics curves, see Process 55. 
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2NS457/MMBF5457/2N5458/MMBF5458/2N5459/MMBF5459 



2N5484/MMBF5484/2N5485/MMBF5485/2N5486/MMBF5486 


National 

Semiconductor 


2N5484 

2N5485 

2N5486 



MMBF5484 

MMBF5485 

MMBF5486 



TO-236 
(SOT-23) 


N-Channel JFET Transistors for RF Amplifiers 

Electrical Characteristics Ta = 25“C unless otherwise noted 

Symbol Parameter 


OFF CHARACTERISTICS 


V(BR)GSS 



Gate-Source Breakdown Voltage 
(Iq = — 1.0 juiAdc, Vqs = 0) 


Gate Reverse Current 
(Vqs - -20Vdc, VDs = 0) 

(Vgs = -20 Vdc, Vps = 0. Ta = 100^C) 
Gate Source Cutoff Voltage 
(Vds= 15Vdc, Id= lOnAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds= 15Vdc.VGS = 0) 


2N5484 

2N5485 

2N5486 


2N5484 
2N5485 
2N5486 


Min Max 





Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = O, f = I.O kHz) 


Input Admittance 

(Vds = 15 Vdc, Vgs = o, f = ioo mhz) 
(Vps = 15 Vdc, Vgs = 0. f = 400 MHz) 

Output Admittance 

(Vds = 15 Vdc, Vgs = O, f = 1.0 kHz) 


2N5484 

2N5485 

2N5486 


2N5484 

2N5485.2N5486 

2N5484 

2N5485 

2N5486 













N-Channel JFET Transistors for RF Amplifiers (Continued) 


Electrical Characteristics Ta = 25“C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS (Continued) 

Re(yos) 

Output Transconductance 

(Vds = 15 Vdc, Vqs = 0, f = 100 MHz) 2N5484 

(Vds = 15 Vdc, Vqs = 0, f = 400 MHz) 2N5485, 2N5486 


75 

100 

jLimhos 

Re(yfs) 

Forward Transconductance 

(Vds = 15 Vdc, Vqs = 0, f = IOO MHz) 2N5484 

(Vds = 15 Vdc, Vqs = 0, f = 400 MHz) 2N5485 

2N5486 

i 

■ 

jutmhos 

Cjss 

Input Capacitance 

(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 


5.0 

PF 

Crss 

Reverse T ransfer Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 


1.0 

PF 

Cqss 

Output Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 


2.0 

pF 


FUNCTIONAL CHARACTERISTICS 


NF 

Noise Figure 

(Vds = 15 Vdc, Vqs = 0, Rq = I.O Mft, f = 1.0 kHz) 

(Vds = 1 5 Vdc, Id = 1.0 mAdc, Rq ~ 1.0 kn, f = 100 MHz) 2N5484 

(Vds = 15 Vdc, Id = 4.0 mAdc, Rq ~ 1.0 kfl, f = 100 MHz) 2N5485, 2N5486 

(Vds = 15 Vdc, Id = 4.0 mAdc, Rq ~ 1.0 kH, f = 400 MHz) 2N5485, 2N5486 


2.5 

3.0 

2.0 

4.0 

dB 

Gps 

Common Source Power Gain 





(Vds = 1 5 Vdc, Id = 1.0 mAdc, f = 100 MHz) 2N5484 

16 

25 



(Vds = 15 Vdc, Id = 4.0 mAdc, f = 100 MHz) 2N5485, 2N5486 

18 

30 

dB 


(Vds = 1 5 Vdc, Id = 4.0 mAdc, f = 400 MHz) 2N5485,2N5486 

10 

20 



Note 1: For characteristics curves, see Process 50. 
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2N5485/MMBF5484/2N5485/MMBF5485/2N5486/MMBF5486 




2N5551/MMBT5551 


National 

mta Semiconductor 




2N5551 

MMBT5551 




TO-236 




U 

(SOT-23) 





TL/G/10100-5 




TL/G/10100-1 




NPN General Purpose Amplifier 




Electrical Characteristics ta - 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

160 


Vdc 


(Ic = 1 .0 mAdc, Ib = 0) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

180 


Vdc 


(Ic = 100 juiAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

6.0 


Vdc 


(Ie = 10 jaAdc, Ic = 0) 


ICBO 

Collector Cutoff Current 





(VcB = 120Vdc, Ie = 0) 


50 

nAdc 


(Vcb = 120 Vdc, Ie = 0,Ta = 100“C) 


50 

juiAdc 

Iebo 

Emitter Cutoff Current 
(Veb = 4.0 Vdc. Ic = 0) 


50 

nAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain 





(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

80 




(Ic = 10 mAdc, VcE = 5.0 Vdc) 

80 

250 



(Ic = 50 mAdc, VcE = 5.0 Vdc) 

20 



VcE(sat) 

Collector-Emitter Saturation Voltage 




(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.15 

Vdc 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


0.25 

VBE(sat) 

Base-Emitter Saturation Voltage 



|||■[|||||||■|■ 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 





Oc = 50 mAdc, Ib = 5.0 mAdc) 
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NPN General Purpose Amplifier (Continued) 


Electrical Characteristics Ta = 25®C unless otherwise noted (Continued) 


Symbol 


Parameter 


Min 


Max 


Units 


SMALL-SIGNAL CHARACTERISTICS 


fT 

Current Gain—Bandwidth Product 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

100 

300 

MHz 

Cobo 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


6.0 

PF 

Cibo 

Input Capacitance 

(Vbe = 0.6 Vdc, Ic = 0, f = 1.0 MHz) 


20 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

50 

200 


NF 

Noise Figure 

(Ic = 250 juiAdc, VcE = 5.0 Vdc, Rs = 1.0 k(l, 
f = 10 Hz to 15.7 kHz) 


8.0 

dB 


Note 1: Pulse Test: Pulse Width = 300 ju.s, Duty Cycle = 2.0%. 
Note 2: For characteristics curves, see Process 16. 



10-53 


2N5551/MMBT55S1 



2N5771/MMBT5771 


National 

Semiconductor 


2N5771 


-92 

TL/G/10100-5 

TL/G/10100-1 

PNP Switching T ransistor 


Eiectricai Characteristics Ta = 25“C unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(br)CEO 

Collector-Emitter Breakdown Voltage 

15 


Vdc 

(Ic = 3.0 mAdc) (Note 1) 


V(BR)CES 

Collector-Emitter Breakdown Voltage 

15 


Vdc 


(Ic = 100 juAdc) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

15 


Vdc 


(Ic = 100 jLiAdc) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

4.5 


Vdc 


(Ie = lOOjaAdc) 


ICBO 

Collector Cutoff Current 


10 

nA 


(VcB = 8.0 Vdc) 


Ices 

Collector Cutoff Current (Vce = 8.0 Vdc) 


10 

nA 


(VcE == 8.0 Vdc, Ta = 125°C) 


5.0 

JLtA 

•ebo 

Emitter Cutoff Current (Veb = 4.5 Vdc) 


1.0 

fxA 

ON CHARACTERISTICS 

hpE 

DC Current Gain (Ic = 1 -0 mAdc, Vce = 0.5 Vdc) (Note 1) 

35 




(Ic = 10 mAdc, Vce = 0.3 Vdc) (Note 1) 

50 

120 



(Ic = 50 mAdc, Vce = 1-0 Vdc) (Note 1) 

40 




(Ic = 10 mAdc, Vce = 0.3 Vdc, Ta = -55°C) 

20 



VcE(sat) 

Collector-Emitter Saturation Voltage (Note 1) 




(Ic = 1.0 mAdc, Ib = 0.1 mAdc) 


0.15 



(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.18 

Vdc 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


0.6 


VBE(sat) 

Base-Emitter Saturation Voltage (Note 1) 




(Ic = 1.0 mAdc, Ib = 0.1 mAdc) 


0.8 



Oc = 10 mAdc, Ib = 1.0 mAdc) 

0.75 

0.95 

Vdc 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


1.5 




MMBT5771 



TO-236 
(SOT-23) 



10-54 







PNP Switching Transistor (Continued) 



ElGCtriC3l ChdrdCtGriStiCS Ta = 25°c unless otherwise noted (Continued) 

Symbol 

Parameter 

Min 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

Ccb 

Collector-Base Capacitance 
(VcB = 5.0Vdc,f = 140 kHz) 


3.0 

PF 

Ceb 

Emitter-Base Capacitance 
(VBE = 0.5Vdc,f= 140 kHz) 


3.5 

PF 

h(e 

Small-Signal Current Gain 
(Ic = 10 mA, VcE = 10 Vdc, f = 100 MHz) 

8.5 
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2N5771/MMBT5771 






2N6427/MMBT6427/MPQ6427 



National 

Semiconductor 


2N6427 MMBT6427 MPQ6427* 

T0-2J$ 

m (SOT-23) TUG/10100-7 

TL/G/10100-5 

TL/G/10100-1 

NPN Darlington Transistor 

Electrical Characteristics ta = 25°c unless otherwise noted 

Symbol 

Parameter 

Min 

Typ 

Max 

bssqh 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = 10 mAdc, Ib ~ 0) 

40 



Vdc 

V(BR)CB0 

Collector-Base Breakdown Voltage 
(Ic = lOOjLiAdc. Ie = 0) 

40 



Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 10 jLiAdc, Ic = 0) 

12 



Vdc 

•CEO 

Collector Cutoff Current 
(VcE = 25Vdc, Ib = 0) 



1.0 

|||||QQ|H 

•CBO 

Collector Cutoff Current 
(VcB = 30Vdc. Ie = 0) 



50 


•ebo 

Emitter Cutoff Current 
(Veb= 10Vdc, lc = 0) 



50 

nAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain, (Note 1) 

(Ic = 10 mAdc, VcE = 5.0 Vdc) 

(Ic = 100 mAdc, VcE = 5.0 Vdc) 

(Ic = 500 mAdc, VcE = 5.0 Vdc) 

10,000 

20,000 

14,000 


100,000 

200,000 

140,000 


Hi 

Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ib = 0.5 mAdc) 

(Ic = 500 mAdc, Ib = 0.5 mAdc) 



B 


VBE(sat) 

Base-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ib = 0.5 mAdc) 


1.52 

2.0 

Vdc 

VBE(on) 

_ 

Base-Emitter On Voltage 
(Ic = 50 mAdc, VcE = 5.0 Vdc) 




Vdc 

♦16-SOIC version also available. Contact factory. 
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NPN Darlington Transistor (Continued) 


Electrical Characteristics Ta = 25“C unless othenvise noted (Continued) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

Cobo 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0. f = 1.0 MHz) 


5.4 

7.0 

PF 

Qbo 

Input Capacitance 

(Vbe = 1.0 Vdc, Ic = 0, f = 1.0 MHz) 


10 

15 

pF 

Note 1: Pulse Test: Pulse Width = 300 fis, Duty Cycle ^ 2.0%. 


Note 2: For characteristics curves, see Process 05. 
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2N6427/MMBT6427/MPQ6427 




2N6715/PN6715/MPS6715 


National 

kA Semiconductor 




2N6715 

A 

PN6715 MPS6715 



, 1 :.- 

C C 

TL/G/10100-8 TL/G/10100-1 

TL/G/10100-4 

NPN General Purpose Amplifier 



ElGCtriCBl ChsrBCtGriStiCS Ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(lc= lOmAdc, Ib = 0) 

40 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = lOOjaAdc.lE = 0) 

50 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 100 jaAdc, Ic = 0) 

5.0 


Vdc 

•CBO 

Collector Cutoff Current 
(VcB = 50Vdc, Ie = 0) 


0.1 

juAdc 

•ebo 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 


0.1 

jaAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain 

(Ic = lOOmAdc.VcE = 1.0 Vdc) 

(Ic = lOOOmAdc, VcE = 1.0 Vdc) 

B 

250 

im 

VcE(sat) 

Collector-Emitter On Voltage 
(Ic = 1000 mAdc, Ib = 100 mAdc) 


0.5 


VBE(on) 

Base-Emitter On Voltage 
(Ic = 1000 mAdc, VcE = 1.0 Vdc) 


1.2 


SMALL-SIGNAL CHARACTERISTICS 

Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


30 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

2.5 

25 


Note 1: Pulse Test: Pulse Width ^ 300 juis, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 38. 
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^National 
mlA Semiconductor 





2N6717 MPS6717 





/#/ TO-237 yW 

Mil /yy/// T0-226AE 

TL/G/10100-8 

TL/G/10100-4 





NPN General Purpose Amplifier 





Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = I.OmAdc, Ib = 0) 

MPS6717 

80 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 100 juiAdc, Ie = 0) 

MPS6717 

80 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = lOOjLiAdc, Ic = 0) 

5.0 


Vdc 

ICBO 

Collector Cutoff Current 
(VcB = 60Vdc,lE = 0) 

MPS6717 


0.1 

jaAdc 

Iebo 

_ 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 


10 

jaAdc 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 
(Ic = 50 mAdc, VcE = 1 -0 Vdc) 

(Ic = 250 mAdc, Vce = 1.0 Vdc) 

80 

50 

250 


VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 250 mAdc, Ib = 10 mAdc) 


0.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 250 mAdc, Vce = 10 Vdc) 


1.2 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


30 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 200 mAdc, Vce = 5.0 Vdc, f = 20 MHz) 

2.5 

25 


Note 1: Pulse Test: Pulse Width ^ 300 ju,s, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 39. 
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2N6715/MPS6715 







^National 
£Sm Semiconductor 





2N6724 MPS6724 

2N6725 MPS6725 

/>) 





j 

TL/G/10100-8 

TL/G/10100-4 





NPN Darlington Transistor 

Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(br)CES 

Collector-Emitter Breakdown Voltage, (Note 1) 

(lc= I.OmAdc, Ib = 0) 

2N6724/MPS6724 

2N6725/MPS6725 

40 

50 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic =1.0 jmAdc, Ie = 0) 

2N6724/MPS6724 

2N6725/MPS6725 

50 

60 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 10 jaAdc, Ic = 0) 

12 


Vdc 

ICBO 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

(VcB = 40Vdc,lE = 0) 

2N6724/MPS6724 

2N6725/MPS6725 


100 

100 

nAdc 

•ebo 

Emitter Cutoff Current 
(Veb= 10 Vdc, lc = 0) 


100 

IIIIQQUIIII 

ON CHARACTERISTICS (Note 1 ) 

hpE 

DC Current Gain 

(Ic = 200 mAdc, VcE = 5.0 Vdc) 

(Ic = 1000 mAdc, VcE = 5.0 Vdc) 

25,000 

4,000 

40,000 


VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 1000 mAdc, Ib = 2.0 mAdc) 


1.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 1000 mAdc, VcE = 5.0 Vdc) 


2.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

h 

Current-Gain—Bandwidth Product 
(Ic = 200 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

100 

1000 

MHz 

Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


10 

PF 

Note 1: Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 05. 
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^National 
jCI Semiconductor 




2N6727 PN6727 MPS6727 

1% 




i~ ,1- f- 

TL/G/10100-8 TL/G/10100-1 

TL/G/10100-4 

PNP General Purpose Amplifier 



Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ib = 0) 

40 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 

(Ic = lOOjLtAdc, Ie = 0) 

50 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 100 jaAdc, Ic = 0) 

5.0 


Vdc 

•CBO 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 


0.1 

juAdc 

Iebo 

Emitter Cutoff Current 
(Veb = 5.0 Vdc. Ic = 0) 


0.1 

jiiAdc 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 

(Ic = 100 mAdc, VcE = 1.0 Vdc) 

(Ic = 1000 mAdc, VcE = 1.0 Vdc) 

60 

50 

250 


VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 1000 mAdc, Ib = 100 mAdc) 


0.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 1000 mAdc, VcE = 1.0 Vdc) 


1.2 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Ccb 

Collector-Base Capacitance 
(VcB = lOVdc.lE ^ 0,i= 1.0 MHz) 



PF 

hfe 

Small-Signal Current Gain 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 




Note 1: Pulse Test: Pulse Width ^ 300 ju,s, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 78. 


10 
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2N6727/PN6727/MPS6727 











2N6729/MPS6729 


^ National 
miA Semiconductor 




2N6729 MPS6729 




/M TO-237 M/ 

rU ////// T0-226AE 

TL/G/10100-8 

TL/G/10100-4 

PNP General Purpose Amplifier 




Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = I.OmAdc, Ib = 0) 

80 


Vdc 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = lOOjLiAdc, Ie = 0) 

80 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 10 juAdc, Ic ” 0) 

5.0 


Vdc 

•ebo 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ie = 0) 


10 

/xAdc 

ICBO 

Collector Cutoff Current 
(VcB = 60Vdc.lc = 0) 



IIIIIIQIIIIQIIIII^ 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 
(Ic = 50 mAdc, VcE = 1 -0 Vdc) 

(Ic = 250 mAdc, Vce = 1-0 Vdc) 

m 


mM 

VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 250 mAdc, Ib = 10 mAdc) 


0.5 

Vdc 

VBE(on) 

-^- 1 

Base-Emitter On Voltage 
(Ic = 250 mAdc, Vce = 1.0 Vdc) 


1.2 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


30 

PF 

hfe 

Small-Signal Current Gain 
(Ic = 200 mAdc, Vce = 5.0 Vdc, f = 20 MHz) 

2.5 

25 


Note 1: Pulse Test; Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 79. 
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National 

Semiconductor 


2N7052 2N7053 

//T// to - 92 /m/ 

rW U T0-226AE 

TL/G/10100-1 

TL/G/10100-4 

NPN Darlington Transistor 

ElOCtriCal Charactaristics = 25 °C unless otherwise noted 

Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CBO 

Collector-Base Breakdown Voltage 
(Ic = 100 juAdc) 

100 


V 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc), (Note 1) 

100 


V 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = 100 mAdc) 

12 


V 

ICBO 

Collector Cutoff Current 
(VcB = SOVdc) 


100 

nA 

•CES 

Collector Cutoff Current 
(VcE = 80 Vdc) 


200 

nA 

Iebo 

Emitter Cutoff Current 
(Veb = 7.0 Vdc) 


100 

nA 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain, (Note 1) 

(VcE = 5 Vdc, Ic = 100 mAdc) 

(VcE == 5 Vdc, Ic = 1.0 Adc) 

10,000 

1,000 

20,000 

dc 

VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 0.1 mAdc) 


1.5 

V 

i VBE(on) 

Base-Emitter On Voltage 
(VBE = 5Vdc, lc= 100 mAdc) 


2.0 

V 

I SMALL-SIGNAL CHARACTERISTICS 

Ccb 

Collector-Base Capacitance 
(VcB = 10Vdc,f = 1.0 MHz) 


8.0 

PF 


Transition Frequency 
(VcE = 5.0 Vdc, Ic = 100 mAdc) 

200 


MHz 

Note 1: Pulse Test: Pulse Width ^ 300 jas, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 06. 
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2N7052/2N7053 







MPSA06/MPSW06/MMBTA06 


^ National 
rnim Semiconductor 




MPSA06 

MPSW06 MMBTA06 

/S) 



f”-” 

TL/G/10100-1 

TL/G/10100-4 

NPN General Purpose Amplifier 

Electrical Characteristics ta = 2 s°c unless otherwise noted 



Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(Ic = 1.0 mAdc, Ib = 0) 

80 


Vdc 

V(BR)EB0 

Emitter-Base Breakdown Voltage 
(Ie = 100 /mAdc, tc = 0) 

4.0 



ICEO 

Collector Cutoff Current 
(VcE = 60 Vdc, Ib = 0) 


0.1 

/mAdc 

ICBO 

Collector Cutoff Current 
(VcB = 80 Vdc, Ie = 0) 


0.1 

/mAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain 
(Ic = 10mAdc,VcE = 1.0 Vdc) 

(Ic = lOOmAdc, VcE = 1.0 Vdc) 

m 



VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic =100 mAdc, Ib = 10 mAdc) 


0.25 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 100 mAdc, VcE = 1.0 Vdc) 


1.2 


SMALL-SIGNAL CHARACTERISTICS 

fT 

Current-Gain—Bandwldth Product 
(Ic = 10 mA, VcE = 10V, f = 100 MHz) 

100 


MHz 

Note 1: Pulse Test: Pulse Width ^ 300 jas, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 12. 


10-64 



















^National 
mA Semiconductor 




MPSA13 

MPSW13 MMBTA13 

/S) 



U 

UU TO-22«AE (SOT-23) 

®C 

TL/G/,0,00-4 

TL/G/10100-5 



NPN Darlington Transistor 

Elactrical Charactaristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CES 

Collector-Emitter Breakdown Voltage 
(Ic = 100 jaAdc, Ib = 0) 

30 


Vdc 

•CBO 

Collector Cutoff Current 
(VcB = 30Vdc, Ie = 0) 


100 

nAdc 

•ebo 

Emitter Cutoff Current 
(Veb = lOVdc, Ic = 0) 


100 

nAdc 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 

(Ic = 100 mAdc, VcE = 5.0 Vdc) 

5000 

10,000 



VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic =100 mAdc, Ib = 0.1 mAdc) 


1.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 100 mAdc, VcE = 5.0 Vdc) 


2.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current-Gain—Bandwidth Product, (Note 2) 

(Ic = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

125 


MHz 

Note 1: Pulse Test: Pulse Width ^ 300 jms, Duty Cycle ^ 2.0%. 

Note 2: fj = |hfe| X ftest- 

Note 3: For characteristics curves, see Process 05. 
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MPSA13/MPSW13/MMBTA13 




MPSA42/MPSW42/MMBTA42 


National 

Semiconductor 


MPSA42 

Q 


MPSW42 



MMBTA42 



TO-236 
(SOT-23) 


NPN High Voltage Amplifier 

Electrical Characteristics Ta = 25°C unless otherwise noted 


OFF CHARACTERISTICS 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 


Collector-Emitter Breakdown Voltage, (Note 1) 
(Ic = 1.0 mAdc, Ib = 0) __ 

Collector-Base Breakdown Voltage 
(Ic = 100 jLiAdc, Ie = 0) _ 

Emitter-Base Breakdown Voltage 
(Ie = 100 juiAdc, Ic = 0) _ 

Collector Cutoff Current 
(VcB = 200 Vdc, Ie = 0) 

(VCB = 160Vdc, Ie = 0) _ 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

(Veb = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS (Note 1) _ 

hpE DC Current Gain 

(Ic = 1.0 mAdc, VcE ~ 10 Vdc) 

(Ic = lOmAdc.VcE = 10 Vdc) 

_ (Ic = 30mAdc,VcE = 10 Vdc) _ 

VcE(sat) Collector-Emitter Saturation Voltage 

(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) Base-Emitter Saturation Voltage 

_ (Ic = 20 mAdc, Ib = 2.0 mAdc) _ 

SMALL-SIGNAL CHARACTERISTICS _ 

fj Current-Gain—Bandwidth Product 

_ (Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Ccb Collector-Base Capacitance 

_ (VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) _ 

Note 1: Pulse Test: Pulse Width ^ 300 jms, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 48. 


300 


Vdc 

300 


Vdc 

6.0 


Vdc 


0.1 

jaAdc 


0.1 

jmAdc 
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National 

SemiconductDr 


MPSA56 



MPSW56 



MMBTA56 



TO-236 
(SOT-23) 


PNP General Purpose Amplifier 


Eiectricai Characteristics Ta = 25“C unless otherwise noted 


Symbol | 

OFF CHARACTERISTICS 

V(BR)CEO 

V(BR)EBO 
I CEO 
ICBO 

ON CHARACTERISTICS 


Parameter 


Collector-Emitter Breakdown Voltage, (Note 1) 

(lc= I.OmAdc, Ib = 0) _ 

Emitter-Base Breakdown Voltage 

(Ie = 100 jaAdc, Ic = 0) _ 

Collector Cutoff Current 

(VCE = 60 Vdc, Ib = 0) _ 

Collector Cutoff Current 
(VcB = 80 Vdc, Ie = 0) 


hpE 

DC Current Gain 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 
(Ic = 100 mAdc, VcE = 1-0 Vdc) 

VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 10 mAdc) 


)n Voltage 
Adc, VcE = 


1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


fj Current-Gain—Bandwidth Product 

_ (Ic = 100 mAdc, VcE = 1 -0 Vdc, f = 

Note 1: Pulse Test: Pulse Width ^ 300 ju.s, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 67. 


80 


Vdc 

4.0 


Vdc 


0.1 

jaAdc 


0.1 

jLiAdc 


0.25 

Vdc 

1.2 

Vdc 


100 MHz) 
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MPSA56/MPSW56/MMBTA56 



MPSA64/MPSW64/MMBTA64 



National 

Semiconductor 


MPSA64 MPSW64 MMBTA64 





TO-236 
(SOT-23) 

TL/G/10100-5 


PNP Darlington Transistor 


Electrical Characteristics Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(br)CES 

Collector-Emitter Breakdown Voltage 
(lc= lOOjLiAdc.VBE = 0) 

30 


Vdc 

ICBO 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 


100 

nAdc 

•ebo 

Emitter Cutoff Current 
(Vbe== 10Vdc, lc = 0) 


100 

nAdc 


ON CHARACTERISTICS (Note 1) 


hpE 

DC Current Gain 
(Iq = 10 mAdc, VcE = 5.0 Vdc) 

(Ic = 100 mAdc, VcE = 5.0 Vdc) 

10,000 

10,000 



VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 0.01 mAdc) 

(Ic = 100 mAdc, Ib = 0.1 mAdc) 


1.0 

1.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 10mAdc,VcE = 5.0 Vdc) 

(Ic = 100 mAdc, VcE = 5.0 Vdc) 


1.4 

2.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current-Gain—Bandwidth Product 
(Ic = 100 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

125 


MHz 


Note 1: Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 61. 


10-68 




National 

Semiconductor 


MPSA92 MPSW92 MMBTA92 



TL/G/10100-1 




TO-236 
(SOT-23) 

TL/G/10100-5 


PNP High Voltage Amplifier 


Electrical Characteristics Ta = 25“C unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

300 


Vdc 


(Ic = I.OmAdc, Ib = 0) 


V(BR)CBO 

Collector-Base Breakdown Voltage 

300 


Vdc 


(Ic = lOOjaAdc, Ie = 0) 


V(BR)EBO 

Emitter-Base Breakdown Voltage 

5.0 


Vdc 


(Ie = 100 jLtAdc, Ic = 0) 


■CBO 

Collector Cutoff Current 





(Vcb = 200 Vdc, Ie = 0) 

(VcB = 160 Vdc, Ie = 0) 


0.25 

jixAdc 

Iebo 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 


0.1 

jaAdc 

ON CHARACTERISTICS (Note 1) 

hpE 

DC Current Gain 





(Ic = I.OmAdc, VcE = 10 Vdc) 

25 




(Ic = lOmAdc.VcE = 10 Vdc) 

40 




(Ic = 30 mAdc, VcE = 10 Vdc) 

25 



VcE(sat) 

Collector-Emitter Saturation Voltage 


0.5 

Vdc 


(Ic = 20 mAdc, Ib = 2.0 mAdc) 


VBE(sat) 

Base-Emitter Saturation Voltage 


0.9 



(Ic = 20 mAdc, Ib = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 

fT 

Current-Gain—-Bandwidth Product 

50 


MHz 


(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Ccb 

Collector-Base Capacitance 


6.0 

PF 


(Vcb = 20 Vdc, Ie = 0, f = 1.0 mhz) 

_ 


Note 1: Pulse Test: Pulse Width ^ 300 jas, Duty Cycle 2.0%. 
Note 2: For characteristics curves, see Process 76. 


10 
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MPSA92/MPSW92/MMBTA92 












MPSH10/MMBTH10/MPSH11/MMBTH11 


{^National 

Semiconductor 


MPSHIO 

MPSH11 


MMBTH10 

MMBTH11 




TO-92 

TL/G/10100-5 

TL/G/10100-3 

NPN RF Transistors 

Electrical Characteristics ta = 25*0 unless otherwise noted 


Symbol 


Parameter 


Min Max Units 


OFF CHARACTERISTICS 


V(BR)CEO 


Collector-Emitter Breakdown Voltage, (Note 1) 
(Ic = I.OmAdc, Ib = 0) 


25 


Vdc 


V(BR)CBO 


Collector-Base Breakdown Voltage 
(Ic = 100 /xAdc, Ie = 0)_ 


30 


Vdc 


V(BR)EBO 


Emitter-Base Breakdown Voltage 
(Ie = 10 juiAdc, Ic = 0) 


3.0 


Vdc 


•CBO 


Collector Cutoff Current 
(VcB = 25Vdc, Ie = 0) 


100 


nAdc 


Iebo 


Emitter Cutoff Current 
(Veb = 2.0 Vdc, Ic = 0) 


100 


nAdc 


ON CHARACTERISTICS 


hpE 


DC Current Gain 
(Ic = 4.0 mAdc, VcE = 10 Vdc) 


60 


VcE(sat) 


Collector-Emitter Saturation Voltage 
(Ic = 4.0 mAdc, Ib = 0.4 mAdc) 


0.5 


Vdc 


VBE(on) 


Base-Emitter On Voltage 
(Ic = 4.0 mAdc, VcE = 10 Vdc) 


0.95 


Vdc 
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NPN RF Transistors (Continued) 


Electrical Characteristics Ta = 25"C unless otherwise noted (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS 

I 

fT 

Current-Gain—Bandwidth Product 
(Ic = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

650 


MHz 

Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


0.7 

PF 

Crb 

Common-Base Feedback Capacitance 
(VcB = lOVdc.lE = 0,f = 1.0MHz) MPS-H10(Note2) 

MPS-H11 (Note 3) 

0.35 

0.6 

0.65 

0.9 

PF 

rb'Cc 

Collector-Base Time Constant 
(Ic = 4.0 mAdc, VcB = 10 Vdc, f = 31.8 MHz) 


9.0 

ps 


Note 1: Pulse Test: Pulse Width 300 fis, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 42. 

Note 3: For characteristics curves, see Process 47. 
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MPSH10/MMBTH10/MPSH11/MMBTH11 




MPSH20/MMBTH20 


^ National 

Semiconductor 





MPSH20 MMBTH20 





I- 

TO-236 
(SOT-23) 

TL/G/10100-5 

TL/G/10100-3 





NPN RF Transistor 





ElCCtriCdl Chsrdctsristics Ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ib = 0) 

30 



Vdc 

V(BR)CBO 


40 




V(BR)EBO 

Emitter-Base Breakdown Voltage 
(1 e = 10 jbiAdc, Ic ~ 0) 

4.0 



Vdc 

ICBO 

Collector Cutoff Current 
(VcB = 15Vdc,lE = 0) 



50 

nAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain 
(Ic = 4.0 mAdc, VcE = 10 Vdc) 





SMALL-SIGNAL CHARACTERISTICS 

fT 

Currerit-Gain—Bandwidth Product 
(Ic = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

400 

620 


MHz 

Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 




pF 

rb'Cc 

Collector-Base Time Constant 

Ie = 4.0 mAdc, Vcb = 10 Vdc, f = 31.8 MHz) 


10 


ps 


Conversion Gain (213 MHz to 45 MHz) 

(Ic = 4.0 mAdc, VcE = 10 Vdc, 

Oscillator Injection = 200 mVdc) 

18 

23 


dB 

Note 1: Pulse Test Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 49. 
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National 

dim Semiconductor 




MPSH81 

MMBTH81 




U 

TO-236 
(SOT-23) 

TL/G/10100-5 




TL/G/10100-1 




PNP RF Transistor 




Electrical Characteristics ta = 25°c unless otherwise noted 




Symbol 

Parameter 

Min 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)CEO 

Collector-Emitter Breakdown Voltage, (Note 1) 

(lc= I.OmAdc, Ib = 0) 

20 


Vdc 

V(BR)CB0 

Collector-Base Breakdown Voltage 
(Ic = 10 jaAdc, Ie = 0) 

20 


Vdc 

V(BR)EBO 

Emitter-Base Breakdown Voltage 
(Ie = lOjLtAdc, Ic = 0) 

3.0 


Vdc 

•CBO 

Collector Cutoff Current 
(VcB = 10Vdc, Ie = 0) 


100 

nAdc 

Iebo 

Emitter Cutoff Current 
(Veb = 2.0 Vdc, Ic = 0) 


100 

nAdc 

ON CHARACTERISTICS 

hpE 

DC Current Gain 
(Ic = 5.0 mAdc, VcE = 10 Vdc) 

60 



VcE(sat) 

Collector-Emitter Saturation Voltage 
(Ic = 5.0 mAdc, Ib = 0.5 mAdc) 


0.5 

Vdc 

VBE(on) 

Base-Emitter On Voltage 
(Ic = 5.0 mAdc, VcE = 10 Vdc) 


0.9 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

fT 

Current-Gain—-Bandwidth Product 
(Ic = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

600 



Ccb 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie == 0, f = 1.0 MHz) 


0.85 

PF 

Cce 

Collector-Emitter Capacitance 
(Ib = 0, VcB = 10 Vdc, f = 1.0 MHz) 


0.65 

PF 

Note 1: Pulse Test: Pulse Width ^ 300 jlis, Duty Cycle ^ 2.0%. 

Note 2: For characteristics curves, see Process 75. 
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MPSH81/MMBTH81 









J108/J109/J110 


National 

Semiconductor 


J108 

J109 

J110 



N-Channel JFET Switch 

Electrical Characteristics ta = 25®C unless otherwise noted 


OFF CHARACTERISTICS _ 

V(BR)GSS Gate-Source Breakdown Voltage 

(Vds = 0. Iq = “10 juAdc) 


Iqss Gate Reverse Current 

(Vgs= -15Vdc,VDs = 0) 

_ (Vgs = - 15 Vdc, Vps = 0, Ta = 100°C) 

VGS(off) Gale Source Cutoff Voltage 

(Vds = 15 Vdc, Id = lOnAdc) 


ON CHARACTERISTICS 

■dss Z( 


Zero-Gate-Voltage Drain Current, (Note 1) 
(Vds= 15Vdc,VGs = 0) 


Drain-Source-On-Resistance 
(Vds ^ 0.1 Vdc, Vgs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Gdg(on) + 
C, 


Drain Gate + Source Gate On-Capacitance 
(Vds = 0 Vdc, Vgs = 0, f = 1.0 MHz) 


Dram Gate Off-Capacitance 
(Vps = 0 Vdc, Vgs = -lov, f = i.o mhz) 
Source Gate Off-Capacitance 
(Vds = 0 Vdc, Vgs = -iov, f = i.o MHz) 


Note 1: Pulse Duration 300 fis, Duty Cycle ^ 2.0%. 
Note 2: For characteristics curves, see Process 58. 










1 


National 

Semiconductor 

U309 J309 MMBFJ309 

U310 J310 MMBFJ310 

Mr TO-236 

// TO-18 U tO-92 (sot-23) 

U TL/G/10100-6 

TL/G/10100-9 G 

TL/G/10100-2 

N-Channel JFET Transistor for RF Amplifiers 

Electrical Characteristics - 25°c unless otherwise noted 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

OFF CHARACTERISTICS 

V(BR)GSS 

Gate-Source Breakdown Voltage 
(Iq = -1.0 jaAdC, Vds = 0) 

-25 



Vdc 

•gss 

Gate Reverse Current 
(Vqs = -15 Vdc, Vds = 0, Ta = 25‘‘C) 

(Vqs = -15 Vdc, Vds = 0, Ta = 125“C) 



-1.0 

-1.0 

nA 

juA 

VGS(off) 

Gate Source Cutoff Voltage 

(Vds = 10 Vdc, Id = 1.0 nAdc) J309 

J310 

q o 
cvi 

1 1 


o in 

CD 

1 1 

Vdc 

ON CHARACTERISTICS 

•dss 

Zero-Gate-Voltage Drain Current, (Note 1) 

(Vds = 10 Vdc, Vqs = 0) J309 

J310 

12 

24 


30 

60 

mA 

VGS(f) 

Gate-Source Forward Voltage 
(Vds = 0, Iq = 1.0 mAdc) 



1.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Relvisl 

Common-Source Input Conductance 
(Vds = 10 Vdc, Id = 10 mAdc, f = 100 MHz) J309 

J310 


0.7 

0.5 


mmhos 

RelVosI 

Common-Source Output Conductance 
(Vds = 10 Vdc, Id = 10 mAdc, f = 100 MHz) 


0.25 


mmhos 

^pg 

Common-Gate Power Gain 
(Vds = 10 Vdc, Id = 10 mAdc, f = 100 MHz) 


16 


dB 

Relyfsl 

Common-Source Forward Transconductance 
(Vds = 10 Vdc, Id = 10 mAdc, f = 100 MHz) 


12 


mmhos 
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U309/J309/MMBFJ309/U310/J310/MMBFJ310 



U309/J309/MMBFJ309/U310/J310/MMBFJ310 


N-Channel JFET Transistor for RF Amplifiers (continued) 




El6CtriCdl Chardct6ristics Ta = 25°C unless otherwise noted (continued) 




Symbol 

Parameter 

Min 

Typ 

Max 

Units 

SMALL-SIGNAL CHARACTERISTICS (Continued) 

Relvigl 

Common-Gate Input Conductance 
(Vds = 10 Vdc, Id = 10 mAdc. f = 100 MHz) 


12 


mmhos 

9fs 

Common-Gate Forward Transconductance 
(Vds = 10 Vdc. Id = 10 mAdc, f = 1.0 kHz) 

J309 

J310 

10,000 

8,000 


20,000 

18,000 

jamhos 

9os 

Common-Gate Output Conductance 
(Vds = 10 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

J309 

J310 



150 

200 

jamhos 

9fg 

Common-Gate Forward Transconductance, (Note 1) 
(Vds = 10 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

J309 

J310 


13,000 

12,000 


/imhos 

9og 

Common-Gate Output Conductance 
(Vds = 10 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

J309 

J310 




jamhos 

a. 

Gate-Drain Capacitance 
(Vds = 0, Vgs = -10 Vdc, f = i .0 mhz) 


1.8 

2.5 


Cgs 

Gate-Source Capacitance 
(Vds = 0, Vgs = -10 Vdc, f = 1.0 MHz) 


4.3 

5.0 

PF 

FUNCTIONAL CHARACTERISTICS 

NF 

1 

Noise Figure 

(Vds = 10 Vdc, Id = 10 mAdc, f = 450 MHz) 


1.5 


dB 

®n 

Equivalent Short-Circuit Input Noise Voitge 
(Vds = 10 Vdc, Id = 10 mAdc, f = 100 Hz) 


10 


nV/VHz 

Note 1: Pulse Test: Pulse Width ^ 300 jas, Duty Cycle ^ 3.0%. 

Note 2: For characteristics curves, see Process 92. 
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National 

Km Semiconductor 


D1-Family Part Number List 


Part 

No. 

Package 

Style 

1N628 

DO-35 

1N629 

DO-35 

1N658 

DO-35 

1N660 

DO-35 

1N661 

DO-35 

1N3070 

DO-35 

1N4938 

DO-35 

IS920 

DO-35 

IS921 

DO-35 

iS922 

DO-35 

IS923 

DO-35 

BAV19 

DO-35 

BAV20 

DO-35 

BAV21 

DO-35 

BAX16 

DO-35 

BAY72 

DO-35 

BAY80 

DO-35 

FDH400 

DO-35 

FDH444 

DO-35 


Part 

No. 

Package 

Style 

FDLL628 

LL-34 

FDLL629 

LL-34 

FDLL658 

LL-34 

FDLL660 

LL-34 

FDLL661 

LL-34 

FDLL920 

LL-34 

FDLL921 

LL-34 

FDLL922 

LL-34 

FDLL923 

LL-34 

FDLL3070 

LL-34 

FDLL4938 

LL-34 


Part 

No. 

Package 

Style 

FDSO1401 

TO-236 

FDSO 1402 

TO-236 

FDSO 1403 

TO-236 

FDSO 1404 

TO-236 

FDSO 1405 

TO-236 

FDSO 3070 

TO-236 


1 
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Diode Process Characteristics 




Diode Process Characteristics 


Curve Set Number D1 

Typical Electrical Characteristic Curves 25®C Ambient Temperature unless otherwise noted 



OSi 01 04 0.6 01 1i) 1.2 


Vp FORWARD VOLTAGE - VOLTS 


Reverse Current vs 
Reverse Voltage 



i 

I 

I 


Capacitance vs 


Reverse Voltage 



0 3 6 9 12 15 


Vr - REVERSE VOLTAGE - VOLTS 


Forward Current vs 
Forward Voltage (Pulse) 


— r—T— I 

T* = 25«C 

- Puiss Width = 400, 
Duty Cyels = 2% 


y 

7 

It 



> 













z 
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Vp FORWARD VOLTAGE - VOLTS 


Reverse Current vs 
Ambient Temperature 



25 so 75 100 125 150 

T^ - AMBIENT TEMPERATURE - ®C 

Average Rectified Current 
and Forward Current vs 


Ambient Temperature 



0 25 50 75 100 125 150 175 200 
T^ - AMBIENT TEMPERATURE - ®C 



0 01 10 10 20 20 3.0 

TC - TEMPERATURE COEFFICIENT - mV/®C 


Forward Current vs 
Dynamic Impedance 

160 ft—^ 



rp 

AX 
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> 
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\ 
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\ 




> 

u 
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Rd - DYNAMIC IMPEDANCE - Q 



0 25 50 75 100 125 150 175 200 

T^ - AMBIENT TEMPERATURE - ®C 

TL/G/10033-1 
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National 

Semiconductor 


D2-Family Part Number List 


Part 

No. 

Package 

Style 

1N456 

DO-35 

1N456A 

DO-35 

1N457 

DO-35 

1N457A 

DO-35 

1N458 

DO-35 

1N458A 

DO-35 

1N459 

DO-35 

1N459A 

DO-35 

1N461A 

DO-35 

1N462A 

DO-35 

1N463A 

DO-35 

1N482B 

DO-35 

1N483B 

DO-35 

1N484B 

DO-35 

1N485B 

DO-35 

1N3595 

DO-35 

1N6099 

DO-35 

BAY73 

DO-35 

BAY129 

DO-35 

FDH300 

DO-35 

FDH333 

DO-35 


Part 

No. 

Package 

Style 

FDLL300 

LL-34 

FDLL333 

LL-34 

FDLL456 

LL-34 

FDLL456A 

LL-34 

FDLL457 

LL-34 

FDLL457A 

LL-34 

FDLL458 

LL-34 

FDLL458A 

LL-34 

FDLL459 

LL-34 

FDLL459A 

LL-34 

FDLL461A 

LL-34 

FDLL462A 

LL-34 

FDLL463A 

LL-34 

FDLL482B 

LL-34 

FDLL483B 

LL-34 

FDLL484B 

LL-34 

FDLL485B 

LL-34 

FDLL3595 

LL-34 

FDLL6099 

LL-34 


Part 

No. 

Package 

Style 

FDSO1501 

TO-236 

FDSO1502 

TO-236 

FDSO 1503 

TO-236 

FDSO1504 

TO-236 

FDSO 1505 

TO-236 

FDSO 3595 

TO-236 
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National 

Semiconductor 


D3-Family Part Number List 


Part 

No. 

Package 

Style 

1N4244 

DO-7 

1N4376 

DO-7 

BAY82 

DO-7 

FD700 

DO-7 

FD777 

DO-7 

FDLL700 

LL-34 

FDLL777 

LL-34 


Part 

No. 

Package 

Style 

FDSO1701 

TO-236 

FDSO 1702 

TO-236 

FDSO1703 

TO-236 

FDSO 1704 

TO-236 

FDSO 1705 

TO-236 
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Diode Process Characteristics 


Curve Set Number D3 

Typical Electrical Characteristic Curves 25“C Ambient Temperature unless otherwise noted 


Forward Voltage 



0 02 0.4 0.6 0£ 1.0 1.2 1.4 

Vp - FORWARD VOLTAGE - VOLTS 


Forward Current vs 
Temperature Coefficient 



0 12 3 4 

TC - TEMPERATURE COEFFICIENT - mV/®C 


Capacitance vs 
Reverse Voltage 



OjO 0.1 02 03 0.4 05 0.6 0.7 
Vr - REVERSE VOLTAGE - VOLTS 


Reverse Voltage vs 



0 5 10 15 20 25 30 

Vn - REVERSE VOLTAGE - VOLTS 


Reverse Current vs 
Ambient Temperature 



0 25 50 75 100 125 150 


T^ - AMBIENT TEMPERATURE - ®C 


Power Dissipation, Average 
Rectified Current and Forward 
Current vs Ambient Temperature 



0 25 50 75 100 125 150 175 

T^ - AMBIENT TEMPERATURE - ©C 


I 


Transient Thermai 



.0001 .001 jOI 0.1 1.0 10 100 1000 
TIME - SECONDS 


Dynamic Impedance vs 



10K IK 100 10 1.0 

Rd - DYNAMIC IMPEDANCE - 0 


Junction Temperature 
vs Time (Cooiing Curve) 



0 10 20 30 40 50 

TIME - SECONDS 

TL/G/10033-3 
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^National 
mm Semiconductor 


D4-Family Part Number List 


Part 

No. 

Package 

Style 

1N625 

DO-35 

1N626 

DO-35 

1N627 

DO-35 

1N659 

DO-35 

1N914 

DO-35 

1N914A 

DO-35 

1N914B 

DO-35 

1N916 

DO-35 

1N916A 

DO-35 

1N916B 

DO-35 

1N3064 

DO-35 

1N3600 

DO-35 

1N4009 

DO-35 

1N4146 

DO-35 

1N4147 

DO-35 

1N4148 

DO-35 

1N4149 

DO-35 

1N4150 

DO-35 

1N4151 

DO-35 

1N4152 

DO-35 

1N4153 

DO-35 

1N4154 

DO-35 

1N4305 

DO-35 

1N4446 

DO-35 

1N4447 

DO-35 

1N4448 

DO-35 

1N4449 

DO-35 

1N4450 

DO-35 

1N4454 

DO-35 

1N5282 

DO-35 

BA128 

DO-35 

BA130 

DO-35 

BA217 

DO-35 

BA218 

DO-35 

BAX13 

DO-35 

BAY71 

DO-35 

FDH600 

I DO-35 

FDH666 

DO-35 

FDH900 

DO-35 

FDH999 

DO-35 

FDH1000 

DO-35 


Pair & Quad 


Part 

No. 

Package 

Style 

FDLL600 

LL-34 

FDLL625 

LL-34 

FDLL626 

LL-34 

FDLL627 

LL-34 

FDLL659 

LL-34 

FDLL666 

LL-34 

FDLL900 

LL-34 

FDLL914 

LL-34 

FDLL914A 

LL-34 

FDLL914B 

LL-34 

FDLL916 

LL-34 

FDLL916A 

LL-34 

FDLL916B 

LL-34 

FDLL999 

LL-34 

FDLL1000 

LL-34 

FDLL3064 

LL-34 

FDLL3600 

LL-34 

FDLL4146 

LL-34 

FDLL4147 

LL-34 

FDLL4148 

LL-34 

FDLL4149 

LL-34 

FDLL4150 

LL-34 

FDLL4151 

LL-34 

FDLL4152 

LL-34 

FDLL4153 

LL-34 

FDLL4154 

LL-34 

FDLL4305 

LL-34 

FDLL4446 

LL-34 

FDLL4447 

LL-34 

FDLL4448 

LL-34 

FDLL4449 

LL-34 

FDLL4450 

LL-34 

FDLL4454 

LL-34 


Part 

No. 

Package 

Style 

FDS0 914 

TO-236 

FDSO1201 

TO-236 

FDSO 1202 

TO-236 

FDSO 1203 

TO-236 

FDSO 1204 

TO-236 

FDSO 1205 

TO-236 

FDSO 4148 

TO-236 

FDSO 4448 

TO-236 

BAS16 

TO-236 

BAV17 

TO-236 

BAV18 

TO-236 

BAV70 

TO-236 

BAV74 

TO-236 

BAV99 

TO-236 

BAW56 

TO-236 

BAW75 

TO-236 

BAW76 

TO-236 



*See Test Circuit D-18 
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Curve Set Number D4 

Typical Electrical Characteristic Curves 25“C Ambient Temperature unless otherwise noted 


Forward Voltage vs 



0^ 04 0.6 04 1.0 U 


Vr - FORWARD VOLTAGE - VOLTS 


Forward Current VS 
Temperature Coefficient 



0.0 04 1.0 14 2.0 24 3.0 34 
TC - TEMPERATURE COEFFICIENT - mV/«C 


Reverse Current vs 
Reverse Voltage 



Vr - REVERSE VOLTAGE - VOLTS 


Reverse Current vs 
Ambient Temperature 



25 50 75 100 


Ta - AMBIENT TEMPERATURE - ^ 


Reverse Recovery Time vs 
Forward Current (F= Ir) 



0 1_ I-. I_I_^_I_I_1_I 

0 100 200 300 400 

FORWARD CURRENT - REVERSE CURRENT - mA 


Power Derating Curve 



Iq - AVERAGE TEMPERATURE - ©C 


Capacitance vs 
Reverse Voltage 



0 4 8 12 16 

Vr - REVERSE VOLTAGE - VOLTS 


Dynamic Impedance vs 



ai 14 10 100 IK 10K 


Rq - DYNAMIC IMPEDANCE - Q 


Average Rectified Current 
and Forward Current vs 
Ambient Temperature 



0 25 50 75 100 125 150 175 200 

\f^ - AMBIENT TEMPERATURE - ®C 

TL/G/10033-4 
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National 

Semiconductor 


D6-Family Part Number Liat 


Part 

Packa9e 

No. 

style 

FJTHOO 

DO-7 

FJT1101 

DO-7 


Part 

Package 

No. 

Style 

FDS0 1300 Family 

TO-236 

FDSO1301 

TO-236 
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Diode Process Characteristics 


Curve Set Number D6 


Typical Electrical Characteristic Curves 25®C Ambient Temperature unless otherwise noted 


t. 





Reverse Current vs 



0 5 10 15 20 25 30 

Vr - REVERSE VOLTAGE - VOLTS 


Reverse Current 



0 25 50 75 100 125 150 175 

T^ - AMBIENT TEMPERATURE - «C 


Forward Voltage vs 



Ip - FORWARD CURRENT - A 


Capacitance vs 



0 4 8 12 16 


Vr - REVERSE VOLTAGE - VOLTS 


TL/G/10033-5 


J 
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Test Circuits 


A Bound Circuit for 
Operationai Amplifiers 



TL/G/10033-6 

The bound circuit prevents overloading and saturation of operational amplifiers. The circuit has negligible effect on the operational amplifier until overload 
conditions occur. The use of the low leakage picoampere diode permits realization of extremely high input impedance for normal input voltages. 


MOS FET Protection Circuit 



TL/G/10033-7 

The picoampere diode affords excellent gate voltage protection while maintaining the DC input impedance at about one million megohms. In addition the very low 
capacity of the FJT1100 will have a relatively small effect on the circuit input capacity. 


Peak Follower Circuit 



i 


Output Voltage of the Peak 
Fpllower Circuit va Time 



T - TIME - MINUTES 


TL/G/10033-9 


A nearly constant voltage peak follower circuit is available by using a picoampere diode. A comparison between the use of the FJT1100 and a “low leakage” 
FDH333 diode in the circuit is shown in the curves of Vqijt vs Time. 
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National 

Semiconductor 


D13-Family Part Ngmber List 


Part 

No. 

Package 

Style 

1N746* 

DO-35 

1N747* 

DO-35 

1N748* 

DO-35 

1N749* 

DO-35 

1N750* 

DO-35 

1N751* 

DO-35 

1N752* 

DO-35 

1N753* 

DO-35 

1N754* 

DO-35 

1N755* 

DO-35 

1N756* 

DO-35 

1N757* 

DO-35 

1N758* 

DO-35 

1N759V 

DO-35 

1N957** 

DO-35 

1N958** 

DO-35 

1N959** 

DO-35 

1N960** 

DO-35 

1N96r* 

DO-35 

1N962’^* 

DO-35 

1N963** 

DO-35 

1N964** 

DO-35 

1N965** 

DO-35 

1N966** 

DO-35 

1N967** 

DO-35 

1N968** 

DO-35 

1N969** 

DO-35 

1N970** 

DO-35 

1N971** 

DO-35 

1N972** 

DO-35 

1N973** 

DO-35 


Part 

No. 

Package 

Style 

1N5226** 

DO-35 

1N5227** 

DO-35 

1N5228** 

DO-35 

1N5229** 

DO-35 

1N5230** 

DO-35 

1N5231** 

DO-35 

1N5232** 

DO-35 

1N5233** 

DO-35 

1N5234** 

DO-35 

1N5235** 

DO-35 

1N5236** 

DO-35 

1N5237** 

DO-35 

1N5238** 

DO-35 

1N5239** 

DO-35 

1N5240** 

DO-35 

1N5241** 

DO-35 

1N5242** 

DO-35 

1N5243** 

DO-35 

1N5244** 

DO-35 

1N5245** 

DO-35 

1N5246** 

DO-35 

1N5247** 

DO-35 

1N5248** 

DO-35 

1N5249** 

DO-35 

1N5250** 

DO-35 

1N525r* 

DO-35 

1N5252** 

DO-35 

1N5253** 

DO-35 

1N5254** 

DO-35 

1N5255** 

DO-35 

1N5256** 

DO-35 

1N5257** 

DO-35 


Note: 

*1N746-1N759 Type numbers with suffix "A” = ±5% tolerance nominal Vz. 

**1N957-1N973 Type numbers without suffix = ±10% tolerance to nominal Vz. 

*MN957~1N973Type numbers and 1N5226-1N5257 Type numbers with suffix “A” = ±10% tolerance nominal Vz. With suffix “B” = ±5% tolerance to nominal 
Vz. No suffix = ±20% tolerance to nominal Vz. 
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Curve Set Number D13 

Typical Electrical Characteristic Curves 25“C Ambient Temperature unless otherwise noted 


Temperature Coefficient 
V8 Zener Current 



.01 .05 .1 5 1 5 10 50100 


Dynamic Impedance 
vs Zener Current 



1.0 0.2 05 1 2 5 10 20 50 100 


\l - ZENER CURRENT - mA 


I 2 - ZENER CURRENT - mA 


Test Circuit 

NOISE DENSITY MEASUREMENT CIRCUIT 


Power Derating vs 
Ambient Temperature 



0 25 50 75 100 125 150 175 200 


Ta - AMBIENT TEMPERATURE - ©C 

TL/G/10033-10 


1N4099-1N4121 

1N46?0-1N4627 



TL/G/10033-11 
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National 

Semiconductor 


D 14-Family Part Number List 


Part 

No. 

Package 

Style 

1N4728’^ 

DO-41 

1N4729* 

DO-41 

1N4730=* 

DO-41 

1N4731* 

DO-41 

1N4732* 

DO-41 

1N4733* 

DO-41 

1N4734* 

DO-41 

1N4735* 

DO-41 

1N4736* 

DO-41 

1N4737* 

DO-41 

1N4738* 

DO-41 

1N4739* 

DO-41 

1N4740* 

DO-41 

1N4742* 

DO-41 

1N4743* 

DO-41 

1N4744* 

DO-41 

1N4745’* 

DO-41 

1N4746* 

DO-41 

1N4747* 

DO-41 

1N4748* 

DO-41 

1N4749* 

DO-41 

1N4750* 

DO-41 

1N4751* 

DO-41 

1N4752* 

DO-41 


Note: 

1N4728-1N4752 Type numbers. 

With suffix “A” = ±5% tolerance to nominal Vz. 
Without suffix = ±10% tolerance to nominal Vz. 
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Diode Process Characteristics 



National 

Semiconductor 


D 15-Family Part Number List 


Monolithic Air-Isolated Diode Arrays 


Part 

No. 


1N5768 

TO-85 

1N5770 

TO-85 

1N5772 

TO-85 

1N5774 

TO-86 

1N6100 

TO-86 

1N6101 

6B 

FASO2501 

14SOIC 

FASO2503 

14SOIC 

FASO2509 

14SOIC 

FASO2510 

14SOIC 

FAS02563 

14SOIC 

FAS02564 

14SOIC 

FAS02565 

16SOIC 

FAS02566 

16SOIC 

FAS02619 

16SOIC 

FASO2620 

14SOIC 

FAS02719 

16SOIC 

FASO2720 

14SOIC 

FASO6101 

14SOIC 


Part 

No. 


FSA1410M 

TO-96 

FSA1411M 

TO-96 

FSA2002M 

TO-85 

FSA2003M 

TO-85 

FSA2500M 

TO-85 

FSA2501M 

TO-116-2 

FSA2501P 

TO-116 

FSA2502M 

TO-96 

FSA2503M 

TQ-116-2 

FSA2503P 

TO-116 

FSA2504M 

TO-86 

FSA2508P 

9B 

FSA2509M 

TO-116-2 

FSA2509P 

TO-116 

FSA2510M 

TO-116-2 

FSA2510P 

TO-116 

FSA2563M 

TO-116-2 

FSA2563P 

TO-116 

FSA2564M 

TO-116-2 

FSA2564P 

TO-116 

FSA2565M 

TO-116-2 

FSA2565P 

TO-116 

FSA2566M 

TO-116-2 

FSA2566P 

TO-116 

FSA2619M 

TO-6B (Ceramic DIP) 

FSA2619P 

TO-9B (Plastic DIP) 

FSA2620M 

TO-116-2 

FSA2620P 

TO-116 

FSA2621M 

TO-86 

FSA2719M 

6B 

FSA2719P 

9B 

FSA2720M 

TO-116-2 

FSA2720P 

TO-116 

FSA2721M 

TO-86 
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Curve Set Number D15 

Typical Electrical Characteristic Curves 25“C Ambient Temperature unless otherwise noted 


Foryvard Voltage 




0 20 40 60 80 


Vr - REVERSE VOLTAGE - VOLTS 


Reverse Recover Time 



10 50 100 500 1000 

Ip - FORWARD CURRENT - mA 


Reverse Current 



0 20 40 60 

Vr - REVERSE VOLTAGE - VOLTS 



-75-50-25 0 25 50 75 100125150 
T^ - AMBIENT TEMPERATURE - ®C 


Test Circuits 

To measure reverse current of an individual diode, the following test circuits are used: 

Common Cathode Diodes Common Anode Diodes 


TL/G/10033-13 


SHUNT CURRENT 
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Diode Process Characteristics 


Test Circuits (Continued) 

Test requirement for Vfm and tfr is as shown below: all leads should be as short as possible 


Input Current Pulse 


90% > 


500 mA 

i 




- tp = 10 ns 


TL/G/10033-16 


47a 

O— 


TL/G/10033-17 


trr REVERSE RECOVERY TIME TEST CIRCUIT 


Output Voltage Pulse 



TL/G/10033-18 


lf = ln lrr = 0.1 1^ 



To Oscilloscope 
tr ^ 0.4 ns 
Z|N = 50ft 


Pulse Generator 
tr ^ 5 ns 
Z|N = 50ft 
P.W. = 1 ixs 
Duty Cycle = 2% 


TL/G/10033-19 




TL/G/10033-20 


AVp BRIDGE MATCHING CIRCUIT 



Note 1: R Varies depending on the current range. For the most often used 
current ranges, R is as follows: 


Current Range (amperes) 
10-5to10-4 
10-4to10-3 
10-3 to 10-2 
or10-nto10-n + 1 

Note 2: V indicates mismtch of assembly. 


R (ohms) 
106 
105 
104 
10n+1 


AIr bridge matching CIRCUIT 



Note 1: Vr 2 - Vri ±1%. 

Note 2: Ir 2 - Iri - AIr (difference in Ir between diodes D1 and D2)- To 
measure diodes D3 & D4, reverse cathode-anode terminal connections. 
Note 3: A is a center reading pico ammeter. A/r indicated directly on A. 
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National 

Semiconductor 


D 18-Family Part Number List 


Part 

No. 

Package 

Style 

1N4306 

DO-7 

1N4307 

DO-7 

FA Series 
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Diode Process Characteristics 


Curve Set Number D18 

Test Circuits for 1N4306/7 end FA Series 

AVf DIODE MATCHING CIRCUITS 

a. 


Ri 0.002R ADJUSTABLE 


10 TO 100 Vdc 
ADJUSTABLE 
OR 

10 TO 100V PEAK 
(SEE PART C) 





10 TO 100 Vdc 
ADJUSTABLE 
OR 

10 TO 100 V PEAK 


INPUT VOLTAGE 
PULSE CONDITIONS 
FOR PULSE Vf MATCHED 
ASSEMBLES 


FORWARD VOLTAGE 

imbaunce observed 
ON OSCILLOSCOPE M 


‘f’* p-J L,, 

H- 

n - k 


TL/G/10033-25 


tr Pulse Rise Time (10 to 90% Amplitude) = 1.0 jus Max. 

tf Pulse Fall Time (90 to 10% Amplitude) = 1.0 jas Max. 

tw Pulse Width (50% Amplitude) =10±2.0ju,s 

tt Transient Time =1.0ju,sMin. 

tp Period = 1.0 ms 

V Voltage Input to Cirtcuit “A or B” = 10V to 10OV Adjustable 
AVp Fonvard Voltage Difference Between Diodes 

(Measured Between Transient Times) = As Specified, 


Note 1: R varies depending on the current range. For the most often used current ranges, R is as follows: 


Current Range (Amperes) 

R (omhs) 

I 

o 

o 

? 

o 

105 

10-4 to 10-3 

105 

CM 

O 

o 

CO 

o 

104 

or 10 -n to 10 -n +1 

I 0 n + 1 


Note 2: The input voltage pulse conditions shown above are employed at National Semiconductor in testing. The user may deviate from the specific conditions 
above with no variation in results providing the following general conditions are met: 

tw 

a. f ^0.01 
‘p 

b. tw < 10 ms 

c. Transients occurring during pulse rise and fall times are ignored in observing AVp. 


AIr diode matching circuit 


¥ LJ 
-I—0^ 


► diodes under test 


Note 1: Vr 2 = -Vri ±1%. 

Note 2: Ir2 - Iri = AIr (difference in Ir between two diodes under test). 
Note 3: A is a center reading pico ammeter. 
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National 

Semiconductor 


Process 05 
NPN Darlington 


DESCRIPTION 

Process 05 is a monolithic, double-diffused, silicon epitaxial 
Darlington. Complement to Process 61. 

APPLICATION 

This device was designed for applications requiring ex¬ 
tremely high current gain at collector currents to 1A. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC: MPSA13 
TO-92 ECB: 2N5306 
TO-116: MPQA13 
TO-202 EBC: D40C1-8, NSDU45 
TO-226 EBC: MPS6724, MPSW13 
TO-236: MMBTA13 
TO-237 EBC: 2N6724 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

NF 

Ic ~ 1 mA Vqe = 5V, 

Rs = 100k, f = 1 kHz 


2 


dB 

CcB 

VcB = 10V, Ie = 0,f = 1 MHz 


4 

6 

PF 

hpE 

Ic = 10 mA, VcE ~ 5V 

4,000 





Ic ~ 100 mA, VcE “ 5V 

8,000 

40,000 

200,000 



Ic = 1A.Vce = 5V 

3,000 




VCE(SAT) 

Iq = 10 mA, Iq = 10 jliA 



1.0 

V 


Ic = 100 mA, Ib = 100 laA 



1.5 

V 

VbE(ON) 

Ic = 10mA,VcE = 5V 


1.2 

1.4 



Ic = 100 mA, VcE = 5V 


1.3 

1.8 


hfe 

Ic = 10 mA, VcE = 5.0V, 
f = 1 kHz 


60,000 




Ic == lOOjuiA 

40 



V 

BVebO 

Ie = lOjaA 

12 



V 

Ices 

VcE = 15V. Vbe = 0 



100 

nA 

•CBO 

VcB = 30V, Ie = 0 



100 

nA 

Iebo 

Veb ~ 10V, Ic = 0 



100 

nA 

PD(max) 






TO-202 

Tc = 25»C 

10 



W 


Ta = 25‘’C 

2 



W 

TO-226 

Ta = 25"C 

1 



W 



( 0 . 102 ) 

TL/G/10034-1 

ELECTRICAL CHARACTERISTICS (Ta = 25“C) 
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Process 05 







Process 05 
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- COLLECTOR CURRENT {M C^ - INPUT CAPACITANCE (pF) 


Process 05 


Input Capacitance vs 
Reverse Bias Voltage 



.1 1 10 


REVERSE BIAS VOLTAGE (V) 


Safe Operating Area TO*237 



s 

S 

M 

I 

/ 


Small Signal Current Gain 



Ic - COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation TO-202 vs 
Case Temperature 



^ 0 I_I_I_I_I_I_3 

a 0 25 SO 75 100 125 ISO 

Tc - CASE TEMPERATURE TC) 


Safe Operating Area TO-202 



Thermal Derating Curve 



0 25 50 75 100 125 150 


T - TEMPERATURE (°C) 


Thermal Response in TO-202 Package 
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Process 06 



National 

Semiconductor 


Process 06 
NPN Darlington 


DESCRIPTION I 

Process 06 is a monolithic, double-diffused, silicon epitaxial 
Darlington. 

APPLICATION 

This device is designed for applications requiring extremely 
high current gain at collector currents up to 1.5A and high 
breakdown voltage. 

PRINCIPLE DEVICE TYPES 
TO-202 EBC: NSDU45A 
TO-226 EBC: 2N7053 
TO-237 EBC: 92PU45A 
TO-92 EBC: 2N7052 
TO-92 ECB: 2N7051 


TL/G/10034-4 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceo 

Ic = 1 rnA, l0 = 0 

100 



V 

bvebo 

Ie = 1 rnA, Ic = 0 

12 



V 

•CBO 

VcB = 80V, Ie = 0 



100 

nA 

Ices 

VcE = 80V, Vbe = 0 



100 

nA 

•ebo 

> 

II 

m 

UJ 

> 



100 

nA 

hpE 

Ic = 10mA,VcE = 5V 

1,000 


20,000 



Ic = 100mA,VcE = 5V 

10,000 

40,000 

200,000 



|C= 1A,VCE = 5V 

500 




VCE(8) 

Ic = 100 mA, Ib = 0.1 mA 


0.75 

1.1 

V 

VbE(s) 

Ic = 100 mA, Ib = 0.1 mA 


1.3 

1.5 

V 

Ccb 

VcB = 10V, Ie = 0,f = 1 MHz 


3 

6 

PF 

Cib 

Veb = 0.5V, Ie = 0, f = 1 MHz 


14 

20 

PF 

hfe 

Ic = 100 mA, VcE = 5V, f = 20 MHz 


8 



PD(max) 






TO-202 

Tc = 25-0 

12 



W 


Ta = 25“C 

2 



W 

TO-226 

Ta = 25‘’C 

1 



W 

TO-237 

Tc = 25“C 

2 



W 


Ta = 25°C 

850 



mW 

TO-92 

Ta = 25*’C 

700 



mW 

Tj(max) 

All Plastic Parts 

150 



“C 



0.037 

(0.940) 
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LEAKAGE CURRENT (nA) Vbe(on) " BASE EMITTER ON VOLTAGE (V) - TYPICAL PULSED CURRENT GAIN 


Process 06 


Typical Pulse Current 
vs Collector Current 



Base-Emitter on 
Voltage vs Collector 
Current 



Ic-COLLECTOR CURRENT (A) 


Typical Collector-Emitter 
Leakage Current vs 



-20 20 60 100 140 180 


Tj-JUNCTION TEMPERATURE (<>0) 


Collector-Emitter 
Saturation Voltage 



0.01 0.1 1 
Iq-COLLECTOR CURRENT (AMPS) 

Small Signal Current Gain 



1 100 1000 
Ic-COLLECTOR CURRENT (mA) 


Safe Operating Area 
TO-226, TO-237 



Base-Emitter 
Saturation Voltage 
vs Collector Current 



Ic-COLLECTOR CURRENT (AMPS) 


Junction Capacitance vs 



0.1 1 10 100 
Vr-REVERSE BIAS VOLTAGE (V) 


Maximum Power Dissipation 
vs Ambient Temperature 



0 20 40 60 80 100 120 140 160 

T^-AMBIENT TEMPERATURE (<>0) 

TL/G/10034-5 
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Process 07 


National 

Semiconductor 


Process 07 
NPN Small Signal 



DESCRIPTION 

Process 07 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 62. 

APPLICATION 

This device was designed for low noise, high gain, general 
purpose amplifier applications from 1 julA to 26 mA collector 
current. 

PRINCIPAL DEVICE TYPES 
TO-18: 2N930 

TO-92 EBC: 2N5088, PN2484 
TO-236: MMBT5088 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
Symbol _ Conditions 

NF (spot) Ic = 10 f^A, VcE = 5V, 

_ Rs = 10k,f = 100KHZ 

NF (spot) Ic = 10 jaA, VcE ~ 5V, 

Rs = 10k, f = 1 kHz 











Process 07 


Symboi 

Conditions 

Min 

Typ 

Max 

Units 

BVceo 

Ic = 1 mA 

60 



V 

BVcbO 

lc=10jaA 

60 



V 

bvebo 

Ie = 10 jaA 

8 



V 

ICBO 

VcB = 45V 



100 

nA 

■ebo 

Veb = 6V 



100 

nA 

PD(max) 

TO-18 

Ta==25'*C 

600 



mW 

TO-92 

Ta = 25“C 

600 



mW 

TO-236 

Tc = 25“C 

350 



mW 


SMALL SIGNAL CHARACTERISTICS (f - 1.0 kHz) 



Parameter 

Conditions 

Typ 

Units 


Input Resistance 

Ic = 1-0 mA, VcE ~ 5.0V 

15 

kft 


Output Conductance 

Ic = 1.0 mA, VcE “ 5.0V 

15 

jLimho 


Voltage Feedback Ratio 

Ic = 1.0mA,VcE = 5.0V 

425 

X10-6 

hfe 

Small Signal Current Gain 

Ic = 1.0mA,VcE = 5.0V 

400 


hjb 

Input Resistance 

Ic = 1.0mA,VcE = 5.0V 

27 

a 


TYPICAL COMMON EMITTER CHARACTERISTICS (f = 1.0 kHz) 




DC Current Gain vs 
Collector Current 



Ic - COLLECTOR CURRENT (mA) 


Small Signal Current Gain 



.01 .1 1 10 100 
Ic - COLLECTOR CURRENT (mA) 


1 



TL/G/10034-64 

Base-Emitter ON Voitage vs 



Ic - COLLECTOR CURRENT (mA) 

TL/G/10034-68 
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Process 07 


Collector Saturation 
Voltage vs Collector Current 



0.1 1.0 10 100 
Ic-COLLECTOR CURRENT (mA) 


Input and Output 
Capacitance vs Reverse 
Bias Voltage 



0 I_ I_I_I _ i _^_ I _ L_J_L-J 

0 4.0 0.0 12.0 16.0 20.0 

REVERSE BIAS VOLTAGE (V) 


t 

Wideband Noise Figure vs 
Source Resistance 



Ik 2k 8k 10k 20k SOk IQflk 
Rs-SOURCE RESISTANCE (O) 


Contours of Constant 
Narrow Band Noise Figure 



1 10 100 1000 


Ic - COLLECTOR CURRENT iiA) 


Base-Emitter Saturation 
Voltage vs Collector Current 



Normalized Coilector Cutoff 



Process 07 


Contours of Constant Gain 
Bandwidth Product (fj) 



Maximum Power 
Dissipation vs 
Ambient Temperature 



I 0 50 100 ISO 200 

Ta » AMBIENT TEMPERATURE (‘C) 


G 


9 

S 

I 


Contours of Constant 
Narrow Band Noise Figure 



AT 
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Wi 

Uli! 
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MM111U1III 
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mil 
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■IIIIIS 

i 

1 
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IS 

1 

^i! 

III 

iiiMi 

IK 
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m am iir i 
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tflMI'll 

imi'Miii 
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lllfl 

rjiiiii 
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iwm 
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»iii 


1 10 100 1000 
Ic - COLLECTOR CURRENT UiA) 


Contours of Constant 
Narrow Band Noise Figure 



1 10 100 1000 
ic - COLLECTOR CURRENT (mA) 


TL/G/10034-62 


Contours of Constant 
Narrow Band Noise Figure 



UL 

I 


Noise Figure vs Frequency 



10-4 , 0-3 ir* 10-’ 1 10 10* 


f-FREQUENCY (MHi) 


TL/G/10034-63 
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National 

Semiconductor 


Process 10 
NPN Small Signal 



DESCRIPTION 

Process 10 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 68. 

APPLICATION 

This device was designed for general purpose amplifier ap¬ 
plications at collector currents to 500 mA. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC: PN100, PN2222 
TO-92 ECB: 2N3415 
TO-116: MPQ100 
TO-236: MMBT100, 100A 
16-SOIC: MMPQ100 


ELECTRICAL CHARACTERISTICS (Ta = 25**C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVcbO 

Ic = 10jaA 

75 



V 

bVceo 

Ic = 1 mA 

45 



V 

BVebo 

Ie = lOjuiA 

6 



V 

ICBO 

VcB = 60V 



50 

nA 

Ices 

VcE = 40V 



50 

nA 

•ebo 

Veb = 4V 



50 

nA 

hPE 

Ic = 100jiiA,VcE = 1V 






lc= 10mA,VcE= 1V 


250 




Ic = 100 mA, VcE = 1V 






lc= 150mA,VcE = 5V 






Ic = 300 mA, VcE = 5V 





VcE(s) 

Ic = 10 mA, Ib = 1 mA 



0.2 

V 

HBSlHi 

Ic = 10 mA, Ib = 1 mA 



0.85 

V 

VCE(s) 

Ic = 200 mA, Ib = 20 mA 



0.4 

V 

UJ 

CD 

> 

Ic = 200 mA, Ib = 20 mA 



1.0 

V 

Cob 

VcB = 5V, f = 1 MHz 


3.5 

4.5 

pF 

fT 

VcE = 20V, Ic = 20 mA 


300 


MHz 


Ic = 10 mA, Ib.| = Ib 2 “ ^ 


275 


ns 

tOFF 

Ic = 150 mA, Ib.| = Ib 2 = 15 mA 


225 


ns 

NF 

Ic = 100 fxA, VcE = 5V, Rq = 2 kn, f = 1 kHz 


1.5 


dB 

PD(max) 






TO-92 

Ta = 25"C 

600 



mW 

TO-236 

Tc = 25“C 

350 



mW 
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Process 10 


Process to 


Collector Current vs 
Collector-Emitter Voltage 



4o!mA 


”1 
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XL 


0 10 20 30 40 50 

Vce-collector-emitter voltage (V) 



Input and Output Capacitance 



0.1 1.0 10 100 
REVERSE VOLTAGE (V) 


Contours of Constant Gain 



1 10 100 


Ic-COLLECTOR CURRENT (mA) 


Collector Saturation Voltage 



^ I I III I Mil I I III I I 111 I 

0.1 1.0 10 100 1000 


Ic" COLLECTOR CURRENT (mA) 


Base Saturation Voltage 



0.1 1.0 10 100 1000 
ic-COLLECTOR CURRENT (mA) 


Base Saturation Voltage 



0 1 l...i..Ll.L.-i-Lm I Mil 1 11,1,1,,! 

* 0.1 1.0 10 100 1000 


Collector Saturation Voltage 



>.U1 —....— ■ 

0.1 1.0 10 100 1000 


D.C. Current Gain 



0 Mil I INI I Mil I INI I 

0.01 0.1 1 10 100 1000 


Ic-COLLECTOR CURRENT (mA) 


Iq - COLLECTOR CURRENT (mA) 


Ic-COLLECTOR CURRENT (mA) 


Total Power Dissipation 



0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (OC) 


Switching Times 
vs Collector Current 



TL/G/10034-7 
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National 

Semiconductor 


Process 11 
NPN Small Signal 



DESCRIPTION 

Process 11 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 69. 

APPLICATION 

This device was designed for general purpose amplifier ap¬ 
plications at collector currents to 300 mA. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC: PN101 
TO-236: MMBT101 


TL/G/10034-8 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Cob 

VcB = 10V, f = 1 MHz 


3.0 

4.0 

PF 

Cib 

Veb = 0.5V, f = 1 MHz 


16 

25 

PF 

NF 

Ic = 100 /xA, VcE = 5V 

Rs = 2 kft, f = 1 kHz 


2.0 


dB 

fT 

VcE = 10V, Ic = 20 mA 

150 

250 


MHz 

hpE 

VcE= 1-OV, lc= 1mA 

40 





VcE = 1-OV, Ic = 100mA 

100 

200 

400 



VcE = 1-OV, Ic = 150 mA 

75 




VCE(SAT) 

Ic = 150 mA, Ib = 15 mA 



0.5 

V 

VbE(SAT) 

Ic = 150mA,lB = 15 mA 



1.0 

V 

BVcbO 

Ic = IOjliA 

80 




BVceO 

Ic = 1 mA 

65 




BVebO 

Ie = 10/xA 

6.0 




ICBO 

VcB = 60V 



50 

nA 

Ices 

Vce = 60V 



50 

nA 

Iebo 

Veb = 4.0V 



50 

nA 

PD(max) 


u 




TO-92 

Ta = 25“C 




mW 

TO-236 

Tc = 25^c 




mW 
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Vk(S)-V 011S V„-COLLEaO«-D«inE*»OLIACC(V) t-COaEC^CURREKTM) 


Process 11 


Collector Current vs 
Collector-Emitter Voltage 

_ 

- 

M—-30 mA —- 

- 


0 10 20 30 40 50 

Vce-collEctOr-emitter voltage (V) 


Collector Current vs 
Collector-Emitter Voltage 


■^SiL_. 

iiSiHHI 




0 0>4 03 1.6 2j0 

Vce-collector-emitter voltage (V) 


Input and Output Capacitance 
vs Reverse Voltage 

I 1 ill I MM 1 f=1.0MHil 


0.1 1.0 10 100 
REVERSE VOLTAGE (V) 


Contours of Constant Gain 
Bandwidth Product (FT) 


- 


1 10 100 
■c-COLLECTOR CURRENT (mA) 


Collector Saturation Voltage 
vs Collector Current 


_ 


0.1 1.0 10 100 1000 
Ic-COLLECTOR CURRENT (mA) 


Base Saturation Voltage 
vs Collector Current 



0.1 1.0 10 100 1000 
Iq-COLLECTOR CURRENT (mA) 


Base Saturation Voltage 
vs Collector Current 


1.3 T.V.\ --- 

1.11 ■ ■ l i . iLi- L.il 1 ' I L I 11 ,1. J ILL 

0.1 1.0 10 100 1000 

Ic-COLLECTOR CURRENT (mA) 


Collector Saturation Voltage 
vs Collector Current 



0.1 1.0 10 100 1000 
Ic - COLLECTOR CURRENT (mA) 


D.C. Current Gain 
vs Collector Current 

rrnn-iiii. rTTiiJ iiiivj'.5vl 
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0.01 0.1 1 10 100 1000 
Ic - COLLECTOR CURRENT (mA) 


Total Power Dissipation 
vs Ambient Temperature 
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National 

mSi Semiconductor 


Process 12 
NPN Medium Power 



DESCRIPTION 

Process 12 was a non-overlay, double-diffused, silicon epi¬ 
taxial device. Complement to Process 67. 

APPLICATION 

This device was designed for general purpose medium pow¬ 
er amplifiers and switches requiring collector currents to 
0.5A and collector voltages up to 80V. 

PRINCIPAL DEVICE TYPES 
TO-39 EBC: 2N3019 
TO-92 EBC: MPSA06 
TO-116: MPQA06 
TO-202 EBC: NSDU06 
TO-226 EBC: MPSW06 
TO-236: MMBTA06 
TO-237 EBC: TN3019 


ELECTRICAL CHARACTERISTICS (Ta = 25“C) 
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Process 12 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

PD(max) 






TO-202 

Tc = 25‘‘C 

10 



w 


Ta = 25“C 

2 



w 

TO-39 

Tc = 25*C 

7 



w 


Ta = 25"C 

1 



w 

TO-226 

Ta = 25*0 

1 



w 

TO-237 

Tc = 25*0 

2 



w 


Ta = 25*C 

850 



mw 

TO-92 

Ta = 26*0 

600 



mW 

TO-236 

Tc = 25*0 

350 



mW 

TO-116 

Ta = 25*0 






(Total) 

900 



mw 


(Each Transistor) 

500 


■ i 

^ mW 


Process 12 


DC Current Gain vs 


Base-Emitter ON Voltage vs 


Maximum Power 
Dissipation vs 





Ic - COILECTOR CURRENT ImAI 


Ic - COLLECTOR CURRENT (AMPS) 


Ta - AMBIENT TEMPERATURE CO 
* One square inch of copper run 

TL/G/10034-11 


SMALL SIGNAL CHARACTERISTICS (f = 1.0 kHz) 


Symbol 

Parameter 

Conditions 

Typ 

Units 

hje 

Input Resistance 

Ic = 1.0 mA, VcE “ 5.0V 

3000 

a 

hoe 

Output Oonductance 

Ic = 1.0mA,VcE = 5.0V 

8.0 

jamhos 

hre 

Voltage Feedback Ratio 

Ic = 1.0mA,VcE = 5.0V 

2.1 

xlO-4 

hfe 

Small Signal Ourrent Gain 

Ic = 1.0mA,VcE = 5.0V 

100 



TYPICAL COMMON EMITTER CHARACTERISTICS (f = 1.0 kHz) 
1 





TL/G/10034-15 
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Process 12 


Maximum Power 
Dissipation vs 
Case Temperature 


Coiiector Reverse Current 
vs Ambient Temperature 


Emitter Cutoff Current vs 
Ambient Temperature 




5 1000 I-^-r—r 

1 tVEB«4.0V 




Ic - COLLECTOR CURRENT (mA) 


■illlllli 

IWIIIIIli_ 
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Ic - COLLECTOR CURRENT (mA) 

TL/G/10034-12 
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Process 12 
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^Nahonal 

JiilSemicor 


Semiconductor 


Process 13 
NPN Medium Power 



DESCRIPTION 

Process 13 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. 

APPLICATION 

This device is designed for use as medium power amplifiers 
and switches requiring collector currents of 100 fxA to 
500 mA. 


ELECTRICAL CHARACTERISTICS (Ta = 25“C) 


S 



NF (spot) 


Ic = 150 mA, Ibi = 15 mA 


35 

Ic = 150 mA, Ib 2 ~ 15 mA 


250 

Ic = 20 mA, VcE = 20V, 
f = 100 MHz 

2.0 

3.0 


IC = 100 fiA, VcE = 10V, 
Rs = 1 kn, f = 1 kHz 



Veb = 0.5V, f = 1 


VcE= 1.0V, lc = 
VcE= 1.0V, lc = 
VcE = 1 .OV, Ic = 
VcE = 1.0V, Ic = 


Max 

Units 


ns 


ns 
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<Bo - COLLECTOR TO BASE 
LEAKAGE CURRENT (rA) 


Process 13 


DC Current Gain vs 
Collector Current 
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.1 1 10 too 

Ic - COIUCTOR CURRENT IirAI 

Collector-Base Diode 
Reverse Current vs 
Temperature 




Base-Emitter ON Voltage vs 
Collector Current 





I 10 100 

Ic - COLLECTOR CURRENT (mAI 


Input Capacitance vs 
Reverse Bias Voltage 



Maximum Power 
Dissipation vs 
Ambient Temperature 



0 so 100 ISO 200 
Ta - AMBIENT TEMPERATURE ("C) 

Output Capacitance vs 
Reverse Bias Voltage 
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National 

Semiconductor 


Process 16 
NPN High Voltage 


DESCRIPTION 

Process 16 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 74. 

APPLICATION 

This device was designed for general purpose high voltage 
amplifiers and gas discharge display driving. 

PRINCIPAL DEVICE TYPES 

|jf _ TO-92 EBC: 2N5551 

0.005 TO-236: MMBT5551 

( 0 . 127 ) 

DIA 

T 

TL/G/10034-19 


ELECTRICAL CHARACTERISTICS (Ta = 25"C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 


Ic = 1.0 mA 

120 



V 

W/ESSKtSi 

Ic = lOjLiA 

140 



V 

■SB 


6 



V 

ICBO 

VcB = 100V 



100 

nA 

•ebo 

j. Veb = 4.0V 



100 

nA 

hpE 

, Ic == 1.0 mA, VcE = 5.0V 

40 





Ic = 10 mA. VcE = 5.0V 

50 

120 

300 



Ic = 50 mA, VcE = 5.0V 

20 




VcE(SAT) 

Ic = 10 mA, Ib = 1.0 mA 



0.15 

V 


Ic = 50 mA, Ib = 5.0 mA 



0.30 

V 





0.90 

V 





1.2 

V 

fT 

Ic = 10 mA. VcE = 10V, f = 100 MHz 

100 

220 


MHz 

Cob 

VcB = 10V,f = 1 MHz 


3.0 

5.0 

PF 

Cib 

Veb = 0.5V, f = 1 MHz 



30 

PF 

^□(max) 






TO-92 

Ta = 25”C 

600 



mW 

TO-236 

Tc = 25“C 

350 

• 


mW 
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Process 16 


DC Current Gain vs 



0.1 1.0 10 100 1,000 
Ic - COLLECTOR CURRENT (mA) 


Base-Emitter ON Voitage vs 



Ic - COLLECTOR CURRENT (mA) 


Maximum Power 



Ta - AMBIENT TEMPERATURE (‘ C) 


Contours of Constant Gain 
Bandwidth Product (fj) 
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Coliector-Emitter Saturation 
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Ic - COLLECTOR CURRENT (mA) 


Coliector-Emitter Breakdown 
Voltage with Resistance 
Between Emitter-Base 



0.1 1.0 10 100 1,000 
RESISTANCE (kn) 


Small Signal Current Gain 



1 10 50 

Ic - COLLECTOR CURRENT (mA) 


Input and Output 
Capacitance vs Reverse 



0.1 1.0 10 100 
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National 

Semiconductor 


Process 19 
NPN General Purpose Amplifier 



DESCRIPTION 

Process 19 is a non-overlay, double-diffused, gold doped, 
silicon epitaxial device. Complement to Process 63. 

APPLICATION 

This device was designed for use as a medium power ampli¬ 
fier and switch requiring collector currents up to 500 mA. 

PRINCIPAL DEVICE TYPES 
TO-5 EBC: 2N2219, 2219A 
TO-18 EBC: 2N2222, 2222A 
TO-92 EBC: PN2222A, 2N4401 
TO-116: MPQ2222 
TO-236: MMBT2222 
16-SOIC: MMPQ2222 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


1 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tON 

Ic = 150 mA, Ibi = 15 mA 


25 

35 

ns 

tOFF 

Ic = 150 mA, Ib 2 = 15 mA 


200 

285 

ns 

hfe 

Ic = 20 mA, VcE = 20V, 
f = 100 MHz 

2.0 

3.5 



Cob 

VcB = 10V, f = 1 MHz 


4.0 

6.0 

PF 

Cjb 

Veb = 0.5V, f = 1 MHz 



25 

PF 

NF (spot) 

Ic = IOOjliA, VcE = 10V, 

Rs = 1 kn, f = 1 kHz 


2.0 


dB 

hFE 

Ic = 100 jLtA, VcE = 10V 

30 





Ic = 1 mA.VcE = 10V 

40 





Ic = 10 mA, VcE ~ 10V 

50 





Ic = 150 mA, VcE = 10V 

60 

180 

420 



Ic = 500 mA, VcE = 10V 

30 




VCE(SAT) 

Ic = 100 mA, Ib = 10 mA 



0.50 

V 


Ic = 500 mA, Ib = 50 mA 



1.0 

V 

VbE(SAT) 

Ic = 100 mA, Ib = 10 mA 



1.2 

V 


Ic = 500 mA, Ib = 50 mA 



1.5 

V 

bvceo 

Ic = 10 mA 

35 



V 

BVcbO 

Ic = 100 /aA 

60 



V 

BVebo 

Ie = 10 ju,A 

6 



V 

ICBO 

L VcB = 40V 



100 

nA 

•ebo 

> 

II 

CD 

HI 

> 



100 

nA 
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Process 19 


Process 19 


SMALL SIGNAL CHARACTERISTICS (f = 1.0 kHz) 


Symboi 

Parameter 

Conditions 

Typ 

Units 

hje 

Input Resistance 

ic = 10mA.VcE = 10V 

700 

a 

hoe 

Output Conductance 

Ic = 10 mA, VcE = 10V 

120 

jamhos 

hfe 

Small Signal Current Gain 

Ic = 10mA,VcE = 10V 

240 


hre 

Voltage Feedback Ratio 

Ic = 10 mA, Vqe = 1 OV 

460 

X 10-6 


TYPICAL COMMON EMITTER CHARACTERISTICS (f = 1.0 kHz) 



0 10 20 30 40 SO 60 


2.4 
2.0 

< in 

^ t- 

ft < 1.2 

s = 

§ i 0.8 

oc o 

< •- 

S 0.4 
0 

0 20 40 60 80 100 



0 5.0 10 15 20 25 30 35 



Ic - COLLECTOR CURRENT <mA) 


Ta - AMBIENT TEMPERATURE CO 


VcE - COLLECTOR VOLTAGE (V> 

TL/G/10034-24 


DC Current Gain vs 
Collector Current 
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0.1 1 10 100 1000 


Ic - COLLECTOR CURRENT ImA) 


Emitter Cutoff Current vs 



25 50 75 100 125 ISO 

Ta - AMBIENT TEMPERATURE CO 


S 

I 


Base-Emitter ON Voltage vs 



Ic - COLLECTOR CURRENT (mA) 


Maximum Power 



Ta - AMBIENT TEMPERATURE ( C) 



Ta - AMBIENT TEMPERATURE CC) 

Maximum Power 



Tc - CASE TEMPERATURE CO 

TL/G/10034-22 
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Process 19 


Emitter Transition and 
Output Capacitance vs 



REVERSE BIAS VOLTAGE(V) 


Contours of Constant Gain 



Noise Figure vs Coiiector 



O.T 0.2 0.5 t.O 2.0 5.0 10 

Ic - COLLECTOR CURRENT (mA) 



0.1 1.0 10 100 1000 
f-FREQUENCY (kHz) 


Coiiector Saturation 



> 



Base Saturation Voitage vs 
Coiiector Current 



Ic - COLLECTOR CURRENT (mA) 


Switching Time vs 



10 too lOflO 

Ic - COLLECTOR CURRENT (mA) 


Turn On and Turn Off Times 
vs Collector Current 



TL/G/10034-23 
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Process 19 


30V 



TL/G/10034-66 

FIGURE 1. Saturated Turn On Switching Time Test Circuit 


-15V 6V 



TL/G/10034-67 

FIGURE 2. Saturated Turn Off Switching Time Test Circuit 
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National 

mA Semiconductor 


Process 21 
NPN High Speed Switch 



TL/G/10034-25 


ELECTRICAL CHARACTERISTICS (Ta = 25“C) 


DESCRIPTION 

Process 21 is an overlay, double-diffused, gold doped, sili¬ 
con epitaxial device. Complement to Process 65. 

APPLICATION 

This device was designed for high speed saturated switch¬ 
ing at collector currents of 10 mA to 100 mA. 

PRINCIPAL DEVICE TYPES 
TO-18 EBC: 2N2369, 2N2369A 
TO-92 EBC: PN2369 
TO-236: MMBT2369 
16-SOIC: MMPQ2369 
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Process 21 


Switching Times vs 
Coilector Current 
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Switching Times vs 
Ambient Temperature 


Average Propagation Deiay 
per Transistor vs Coiiector 
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- FORWARD CURRENT TRANSFER RATIO 


Process 21 


DC Current Gain vs 
Collector Current 


20 Tc--66°C-- 

0 i.. — — 

0.01 0.1 1 10 100 500 

Ic - COLLECTOR CURRENT (tnA) 


Collector Saturation 
Voltage vs Collector Current 

F<c-10.b I III [ i H FRffl 
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d " t -bTc-12B°G- 


^ 0.1 1 10 100 500 

L > COLLECTOR CURRENT (mA) 
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Collector Current 
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Collector Current 
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Contours of Constant Gain 
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TL/G/10034-27 

Emitter Transition and 
Output Capacitances vs 
Reverse Bias Voltage 
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National Process 22 

Semiconductor NPN Hinh <;nparl <;witrh 


0.015 

DESCRIPTION 

(0.381) 

Prc 

icess 22 is an overlay, double-diffused, gold doped, sili- 
epitaxial device. 

PLICATION 

s device was designed for high speed logic and core 
lev applications to 300 mA. 

INCIPAL DEVICE TYPES 

-52 EBC: 2N3013 

■92 EBC: 2N5772, PN3646 


0.C 

Wi 

uur 

AP 

Th 

dri\ 

PR 

TO 

15 

80 TO 

TL/G/10034-38 

ELECTRICAL CHARACTERISTICS (Ta = 25“C) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 


Ic = 10 mA, Ibi = Ib 2 = 10 mA (Figure 1) 


12 

18 

ns 

tON 

Ic = 300 mA, Ibi = Ib 2 = 30 mA (Figure 2) 


10 

18 

ns 

tOFF 

Ic = 300 mA, Ibi = Ib 2 “ 30 mA 


18 

30 

ns 

Cob 

N 

X 

II 

> 

10 

11 

m 

o 

> 


3.0 

5.0 

PF 

Cib 

Veb = 0.5V, f = 1 MHz 



8.0 

PF 

hfe 

Ic = 30mA,VcE = 10V, 
f = 100 MHz 

3.5 

7.0 



hFE 

VcE = IV, 10 mA 

VcE = IV, Ic = 30 mA 

VcE = IV, Ic = 100 mA 

VcE = IV, Ic = 300 mA 

VcE = 0.4V, Ic = 30 mA 

VcE = 0.5V, Ic = 100 mA 

20 

25 

20 

15 

20 

20 

60 

45 

150 

150 


VcE(SAT) 

Ic = 30 mA, Ib = 3 mA 

Ic ~ 100 mA, Ib = 10 mA 

Ic = 300 mA, Ib = 30 mA 



0.20 

0.30 

0.50 

V 

V 

V 

VbE(SAT) 

Ic = 30 mA, Ib = 3 mA 

Ic = 100 mA, Ib = 10 mA 

Ic = 300 mA, Ib = 30 mA 



0.95 

1.2 

1.7 

V 

V 

V 

bvcbo 

Ic = lOjLiA 

35 



V 

bvceo 

lc=10mA 

15 



V 

BVebo 

lE = 10jLtA 

5.0 



V 

•cBO 

VcB = 25V 



100 

nA 

•ebo 

< 

m 

CD 

II 

CO 

< 



100 

nA 
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Process 22 

DC Current Gain vs 

Base-Emitter On Voltage vs 

Base Saturation Voltage vs 

Collector Current 

~ Collector Current 

Collector Current 


■issssa 


_la^uBiiiiiiil 
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20 40 60 60 100 

Iq, TURN ON BASE CURRENT (mA) 


11-54 

























Process 22 


Fall Time vs Turn On and 
Turn Off Base Currents 



0 2.0 4.0 0.0 0.0 10 

Ig, > TURN ON BASE CURRENT (mA) 


Fall Time vs Turn On and 



0 5.0 10 IS 20 25 

Ibi - TURN ON BASE CURRENT (mA) 


Fall Time vs Turn On and 
Turn Off Base Currents 



0 20 40 60 80 100 

lei - TURN ON BASE CURRENT (mA) 

TL/G/10034-40 


Delay Time vs Base-Emitter 
Off Voltage and Turn On 
Base Current 



lot - TURN ON BASE CURRENT (mA) 


Rise Time vs Coiiector and 



10 20 50 100 200 500 


Ic - COLLECTOR CURRENT (mA) 

Maximum Power 
Dissipation vs 



TL/G/10034-42 


Switching Time vs 
Ambient Temperature 



25 50 75 100 

Ta - AMBIENT TEMPERATURE CC) 

TL/G/10034-41 
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Process 22 


Pulse width ^ 240 ns 
tr, tf = 1.0 ns 
Z|N = son 



FIGURE 1. toNi toFF Test Circuit 



TL/G/10034-44 

Pulse generator 
V|N rise time < 1 ns 
Source impedance - 50n 
PW k 300 ns 
Duty cycle < 2% 



FIGURE 2. Charge Storage Time Measurement Circuit 




National 

Semiconductor 


Process 23 
NPN Small Signal 



DESCRIPTION 

Process 23 is an overlay, double-diffused, gold doped, sili¬ 
con epitaxial device. Complement to Process 66. 

APPLICATION 

This device is designed as a general purpose amplifier and 
switch. The useful dynamic range extends to 100 mA as a 
switch and to 100 MHz as an amplifier. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC: 2N3904, 2N4124 
TO-236: MMBT3904, MMBT4124 
TO-116: MPQ3904 
16-SOIC: MMPQ3904 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tON 

Ic = 10 mA, Ibi = 1 mA (Figure 1) 


30 

70 

ns 

tOFF 

Ic = 10 mA, Ib 2 = 1 nriA (Figure 2) 


150 

250 

n? 

Cob 



2.7 

4.0 

PF 

Cjb 

Veb = 0.5V, f = 1 MHz 



8.0 

PF 

NF 

VcE = 5V, Ic = IOOjliA, 

Rs = 1 kn, Pbw = 15.7 kHz 


2.0 


dB 

hfe 

Ic = 10 mA, VcE = 20V, 
f = 100 MHz 

2.5 

4.5 



hpE 

Ic = 100 fiA, VcE = 5V 

40 





Ic = 1 mA, VcE “ 5V 

90 





Ic = 10 mA, VcE = 5V 

60 

150 

360 



Ic = 50 mA, VcE = 5V 

40 





Ic = 100 mA, VcE = 5V 

20 




VCE(SAT) 

Ic = 10 mA, Ib = 1 mA 



0.15 

V 

VbE(SAT) 

Ic = 10 mA, Ib = 1 mA 



0.80 

V 

VCE(SAT) 

Ic = 50 mA, Ib = 5 mA 



0.25 

V 

VbE(SAT) 

Ic = 50 mA, Ib = 5 mA 



0.85 

V 

BVcbO 

Ic = lOjLiA 

60 



V 

bvceo 

o 

II 

3 

> 

30 



V 

BVebO 

Ie = lOjutA 

6.0 




ICBO 

VcB = 30V 



100 


Iebo 

Veb = 4V 



100 

nA 
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Process 23 


Processes 


Symbol 

Conditions 

Min 

Typ 

Max 


PD(max) 






TO-92 

Ta = 25*C 

600 



mW 

TO-116 

Ta = 25*c 






(Total) 

900 





(Each Transistor) 

500 



HiiH 

TO-236 

Tc = 25^*0 

350 





All Plastic Parts 

150 





DC Current Gain vs 
Collector Current 



Ic - COLLECTOR CURRENT (mA) 

Contours of Constant Gain 



Base-Emitter ON Voltage vs 



Ic - COLLECTOR CURRENT (mA) 


Collector Saturation 
Voltage vs Collector Current 



.1 1.0 10 IN 

Ic - COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation vs 
Ambient Temperature 



Ta - AMBIENT TEMPERATURE (’C) 

Base Saturation Voltage vs 



.1 1 10 100 
Ic ^ COLLECTOR CURRENT (mA) 


Capacitance vs Reverse 
Bias Voltage 



l.u • . . . . ■ 

0.1 1.0 10 IN 


REVERSE BIAS VOLTAGE (V) 


Collector Cutoff Current vs 



Ta - AMBIENT TEMPERATURE (*0 


Current Gain and Phase 
Angle vs Frequency 



1.0 10 IN ION 


f - FREQUENCY (MHi) 


TL/G/10034-48 
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RISE TIME (ns) l«r. - VOLTAGE FEEDBACK RATIO (xir*) 


Process 23 


Noise Figure vs Frequency 

10 -V-lc-l.flmA-ntlTm 

— rRs = 200n- I 



Noise Figure vs Source 
Resistance 


.—jmiiiiiliririiiiiirjriiiiiiii 

Tiiiiiiitriiiiiiiwiiiiiiii 



0.1 1.0 10 100 

f - FREQUENCY (kHi) 




0.1 1.0 10 100 
R$ - SOURCE RESISTANCE (k S2) 


Current Gain 


lllBBSiii 


0.1 1.0 10 
Ic - COLLECTOR CURRENT (mA) 


Output Admittance 



1.0 10 
Ic - COLLECTOR CURRENT (nA) 


TL/G/10034-49 

input impedance 


1.0 10 
Ic - COLLECTOR CURRENT (mA) 


Voitage Feedback Ratio 


■■■1111111 

»lllllill_ 

Miiiiiimiiiii 


mm 


0.1 1.0 

Ic - COLLECTOR CURRENT (mA) 


Charge Data 


■■ i i m b k I 


msiisgs 

■■■ 

glillil 


1.0 10 100 
Ic - COLLECTOR CURRENT (mA) 


Turn On Time 


NKSIIIII 




_’ill 


1.0 10 

Ic - COLLECTOR CURRENT (mA) 


Storage Time 



1.0 10 100 
Ic - COLLECTOR CURRENT (mA) 
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National 

Semiconductor 


Process 25 
NPN Memory Driver 



DESCRIPTION 

Process 25 is an overlay, double-diffused, gold doped, sili¬ 
con epitaxial device. Complement to Process 70. 

APPLICATION 

This device was designed for high speed core driver appli¬ 
cations up to collector current of 1 A. 

PRINCIPAL DEVICE TYPES 
TO-39 EBC: 2N3725 
TO-237 EBC: TN3725 
TO-116: MPQ3725 


ELECTRICAL CHARACTERISTICS (Ta = 25^C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

fON 

Ic = 500 mA, Ibi = 50 mA (Figure 1) 


12 

35 

ns 

tOFF 

Ic = 500 mA, Ib 2 = 50 mA (Figure 1) 


50 

60 

ns 

hfe 

Ic = 50mA,VcE = 10V, 
f = 100 MHz 

2.5 

4.25 



Cob 

VcB = 10V, f = 1 MHz 


6 

8 

PF 

Cjb 

Veb = 0.5V, f = 1 MHz 



55 

PF 

hFE 

Ic “ 10 mA, VcE = IV 

40 





Ic = 100 mA, VcE = IV 

45 

90 

150 



Ic = 300 mA, VcE = 1V 

35 





Ic = 500 mA, VcE = 1V 

25 





Ic = 800mA,VcE = IV 

20 





ic= 1 A,Vce = IV 

15 





Ic = 800 mA, VcE = 2V 

25 





Ic=1A,Vce = 5V 

25 




VCE(SAT) 

Ic = 10 mA, Ib = 1 mA 



0.20 

V 


Ic = 100 mA, Ib = 10 mA 



0.20 

V 


Ic = 300 mA, Ib = 30 mA 



0.40 

V 


Ic = 500 mA, Ib = 50 mA 



0.50 

V 


Ic = 800 mA, Ib = 80 mA 



0.80 

V 


Ic = 1 A,Ib = 100 mA 



1.20 

V 

VbE(SAT) 

Ic = 10 mA, Ib = 1 mA 



0.70 

V 


Ic = 100 mA, Ib = 10 mA 



0.85 

V 


Ic = 300 mA, Ib = 30 mA 



1.20 

V 


Ic = 500 mA, Ib = 50 mA 



1.20 

V 


Ic = 800 mA, Ib = 80 mA 



1.50 

V 


Ic = 1A, Ib = 100 mA 



1.70 

V 


11 
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- MAXIMUM POWER DISSIPATION (mW) CAPACITANCE (pF) Vcebati - COlltCTOR SATURATION VOLTAGE (V) 


Process 25 


Collector Saturation 
Voltage vs Collector Current 



1.0 10 100 1000 
Ic - COLLECTOR CURRENT (mA) 


Collector Cutoff Current vs 
Ambient Temperature 



Ta - AMBIENT TEMPERATURE TO 


Collector Cutoff Current vs 



0 20 40 60 10 

VcB - COLLECTOR-BASE VOLTAGE (V) 


Input and Output 
Capacitance vs Reverse 
Bias 



0.1 1.0 10 so 

REVERSE OIAS VOLTAGE (V) 


Contours of Constant 
Bandwidth Product (fj) 



10 BO 100 500 1000 


Turn On and Turn Off Times 



10 100 1000 


Ic - COLLECTOR CURRENT ImA) 


Ic - COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation vs 
Ambient Temperature 



* One square inch of copper run 


i 


oe 

I 

s 

3 

z 

K 

s 

j 


Maximum Power 
Dissipation vs 
Case Temperature 



0 so 100 ISO 200 
Tc - CASE TEMPERATURE CO 


Switching Times vs 
Ambient Temperature 



-50 0 50 100 ISO 

Ta- ambient TEMPERATURE (*C) 


Switching Times vs 



10 100 1000 
Ic - COLLECTOR CURRENT (mA) 


Delay Time vs Turn On Base 
Current and Reverse Base- 
Emitter Voltage 



20 30 40 50 60 70 80 90100 

Ibi - TURN ON BASE CURRENT (mA) 


Rise Time vs Collector and 
Turn On Base Currents 



so 100 200 300 400500 

Ic - COLLECTOR CURRENT (mA) 
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tional 

miconductor 

0.087 

(2.210) 

0.008 

(0.203) 

Process 34 
NPN Planar Power 

DESCRIPTION 

This device is a nonoverlay, double-diffused, silicon epitaxial 
planar transistor. 

APPLICATION 

This device was designed for general purpose amplifier ap- 
0.008 plications utilizing collector currents to 5A. 

(0.203) 

] PRINCIPAL DEVICE TYPES 

TO-39 EBC: 2N2891 

”T 

0.( 


TT 


o.( 

(i.i 

70 

7B) 



1 

■ 

p 

i 



\ 

\ 

\ 

\ 

\ 


ELECTRICAL CHARA 

0.060 

( 1:5245 

CTERISTICS (Ta 

TL/G/10037-1 

= 25“C) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceo 

lc=10mA 

80 




bvcbo 

Ic = lOOjutA 

100 




bvebo 

m 

II 

o 

8 




ICBO 

VcB = 60V 



100 

nA 

•ebo 

< 

m 

□3 

II 

a> 

< 



100 

nA 


Ic = 1 mA. VcE = 5V 

Ic = 10 mA, VcE ~ 5V 

Ic = 100mA,VcE = 5V 

Ic = 500 mA, VcE = 5V 

Ic = 1 A, VcE = 6V 

Ic = 5A, Vce = 5V 

40 

40 

40 

40 

20 

15 

80 

150 


VcE(SAT) 

Ic = 100 mA, Ib = 10 mA 

Ic = 1A, Ib = 100 mA 


0.05 

0.20 

0.10 

0.30 

V 

VbE(SAT) 

Ic = 100 mA, Ib = 10 mA 

Ic = 1A,Ib = 100 mA 


0.70 

0.90 

0.85 

1.10 

V 

hpE 

Ice = 200 mA, Vce = 10V, f = 20 MHz 

4.0 

5.0 



Cob 

VcB = 10V, f = 1 MHz 


60 

70 

PF 

Cib 

Veb = 0.5V, f = 1 MHz 



500 

PF 

tON 

o 

II 

> 

II 

p 

> 


90 

120 

ns 

tOFF 

Ic — 1 A, Ib2 ~ 0.1 A 


200 

260 

ns 

PD(max) 

TO-39 

Tc = 25“C 

Ta = 25‘’C 

7 

1 



W 

W 

^JC 

Tc = 25“C 



25 

“C/W 

^JA 

Ta = 25'*C 



175 

"C/W 

tj(max) 

TO-39 


200 
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National 

Semiconductor 


Process 36 
NPN High Voltage Power 



TL/G/10037-4 


DESCRIPTION 

Process 36 is a non-overlay, double-diffused, silicon epitaxi¬ 
al planar device with a field plate. 

APPLICATION 

This device is designed for use in horizontal driver, class A 
off-line amplifier and off-line switching applications. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC:D40P1,3,5 
NSD36-36C 

TO-237 EBC: 2N6720-23, TN3440 
TO-39: 2N3440 


ELECTRICAL CHARACTERISTICS (Ta = 25^C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceO 

Ice = 1 niA (Note 1) 

200 

300 


V 

bvcbo 

ICB = 100 jaA 

225 

325 


V 

BVebO 

Ieb = 10 jaA 

6 



V 

ICEO 

VcE = 200V 



10 

jaA 

•cBO 

VcB = 225V 



0.5 

jaA 

Iebo 

Veb = 5V 



0.1 

jaA 

hpE 

Ic = 50 mA, VcE = 10V (Note 1) 


110 




Ic = 100 mA, VcE = 10V (Note 1) 

30 

120 

300 



Ic = 250 mA, VcE = 10V (Note 1) 


60 




Ic = 500 mA, VcE = 10V (Note 1) 


25 



VCE(SAT) 

Ic = 100 mA, Ib = 10 mA (Note 1) 




V 

Ic = 500 mA, Ib = 100 mA (Note 1) 





VbE(SAT) 

Ic = 500 mA, Ib = 100 mA (Note 1) 


0.9 

1.2 



Ic = 100 mA, VcE = 10V (Note 1) 


0.7 

1.0 


BHibi 

Ic = 50 mA, VcE = 10V 

20 

60 



Cob 

VcB = 10V, f = 1 MHz 



15 

PF 

Cib 

Vbe = 0.5V, f = 1 MHz 



125 

PF 

PD(max) 






TO-202 

Tc = 25'’C 

15 



W 


Ta = 25“C 

2 



TO-226 

Tc = 25»C 

2 



W 


Ta = 25“C 

1 



TO-237 

Tc = 25^*0 

2 



W 


Ta = 25*C 

850 



mW 

TO-39 

Tc = 25*^0 

10 



W 

_ 

Ta = 25‘’C 

1 
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Process 36 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

^JC 






TO-202 

Tc = 25“C 




*C/W 

TO-226 

Tc = 25“C 




*c/w 

TO-237 

Tc = 25*C 




“C/W 

TO-39 

Tc = 25‘'C 




“C/W 

^JA 






TO-202 

Ta = 25“C 



62.5 

OQ/W 

TO-226 

Ta = 25‘’C 



126 

“C/W 

TO-237 

Ta = 25‘’C 



147 

^c/w 

TO-39 

Ta = 25“C 



175 

“C/W 






“C 






“C 


Typical Current Gain 
vs Collector Current 



Collector-Emitter Saturation 
Voltage vs Collector Current 



Base-Emitter Saturation 
Voltage vs Collector Current 



1.0 10 100 Ik 


Collector-Base and Emitter- 
Base Capacitance vs 
Reverse Bias Voltage 



0.1 1.0 10 100 


[q - COLLECTOR CURRENT (mA) 


REVERSE BIAS VOLTAGE (V) 



Ic - COLLECTOR CURRENT (mA) 


Contours of Constant Gain 



1.0 10 100 Ik 

Ic - COLLECTOR CURRENT (mA) 


TL/G/10037-5 
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Process 36 


Typical Switching Time vs 



10 100 1000 


Ic - COLLECTOR CURRENT (mA) 


Maximumn Power 



Tc - CASE TEMPERATURE (®C) 



Safe Operating Area TO-237 



Thermal Derating Curve 



0 25 50 75 100 125 ISO 


VcE - COLLECTOR-EMIHER VOLTAGE (V) 


T - TEMPERATURE (®C) 


TL/G/10037-74 
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Process 37 



National 

SemiconductDr 


Process 37 
NPN Medium Power 



TL/G/10037-7 


DESCRIPTION 

Process 37 is a doubie>diffused, silicon epitaxial planar de¬ 
vice. Complement to Process 77. 

APPLICATION 

This device was designed for general purpose medium pow¬ 
er amplifiers and switching circuits that require collector cur¬ 
rents to 2A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: NSDU01 
Tb-237 EBC: 2N6714, 92PU01 
TO-226 EBC: MPS6714 
TO-92 EBC: PN6714 


ELECTRICAL CHARACTERISTICS (Ta = 25^C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceO 

Ic “ ^0 iTlA 

25 



V 

BVcbO 

Ic = 100 juiA 

40 



V 

bvebo 

lE=10jutA 

5 



V 

•CBO 

Vcb = 20V 



100 

nA 

•ebo 

< 

m 

CD 

II 

< 



100 

nA 

hpE 









160 

360 








VCE(SAT) 

Ic = 1A, Ib = 0.1A 



0.5 

V 

VbE(SAT) 

Ic = 1A, Ib = 0.1A 



1.25 

V 

fT 

Ic = 100mA,VcE = 10V 

150 

300 


MHz 

Cob 

VcB = 10V, f = 1 MHz 


17 

20 

PF 

PD(max) 






TO-202 

Tc = 25“C 

10 



W 


Ta = 25*0 

2 



TO-226 

Tc = 25"C 

2 



W 


Ta = 25“C 

1 



TO-237 

Tc = 25‘’C 

2 



W 


Ta = 25«C 

850 



mW 

TO-92 

Ta = 25*0 

600 



mW 

^JC 






TO-202 

Tc = 25*0 



12.5 

*0/W 

TO-226 

Tc = 25*0 



62.5 

*0/W 

TO-237 I 

Tc = 25*0 



62.5 

*0/W 

TO-92 

Tc = 25*0 



125 

*0/W 
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Symbol 

Conditions 

Min 

Typ 

Max 

Units 

^JA 






TO-202 

Ta = 25°c 



62.5 

“C/W 

TO-226 

Ta = 25“C 



125 

“C/W 

TO-237 

Ta = 25“C 



147 

“C/W 

TO-92 

Ta = 25°C 



208 

“C/W 

Tj(max) 

All Plastic Parts 

150 



“C 


Typical Pulsed Current Gain 
vs Collector Current 



0.01 0.1 1 10 
Ic - COLLECTOR CURRENT (A) 


Typical Pulsed Current Gain 
vs Collector Current 
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■III 

■ 
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ssss 

!!S 

ssss 

■iBIl 1 

HH 
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iiiai 


li^B 

■III 

■ 

1 


IIH 

iSiiiii 

!■ 

■III 


0.01 0.1 1 10 


Ic-COLLECTOR CURRENT (A) 


Coilector>Emitter Saturation 
Voltage vs Collector Current 



■C-COLLECTOR CURRENT (A) 


TL/G/10037-8 


Base-Emitter ON Voltage vs 
Collector Current 



Base-Emitter Saturation 
Voltage vs Collector Current 



1 10 100 Ik 

■c - COLLECTOR CURRENT (mA) 


Collector-Base Capacitance 
vs Collector-Base Voltage 



0 10 20 30 

VcB - COLLECTOR-BASE VOLTAGE (V) 


TL/G/10037-9 
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Process 37 


Gain Bandwidth Product vs 
Coliector Current 



10 too 

Ic - COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation vs 
Case Temperature 


■1 


■■■I 


■ 

HIHIHl 


HIHlHi 

■ 


BBS 

I 

SB 

■■■ 

MM 


BBB 

||[| 


fli 


HIHlHi 

■1 



■1 




0 20 40 60 80 100 120 140 160 

Tc - CASE TEMPERATURE (°C) 


Safe Operating Area TO-202 


■ 

li 

jii 



ss 
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sss::: 

i 

BSSii 

■Mil 

■■Pilllll 

sss 

ss 

SS! 


sss::: 


VcE - COLLECTOR-EMITTER VOLTAGE IV) 

TL/Q/10037-10 


Safe Operating Area TO-237 


Thermal Derating Curve 




V Tc 


•■^^TO-237) 


k 


\ 


1 




Ta (T0-92).5s^ 

l: 












ITO-202) 






s. 



\ 





VcE - COLLECTOR-EMITTER VOLTAGE (V) 


25 SO 75 100 125 150 

T - TEMPERATURE ( C) 


Thermal Response in TO-202 Package 


ipip 


0.03 rSINGLE PULSE 
0.02 


■■!!!!!!!!■ 
iliBfiS 


-1—I |—I -'n;-wji; 

•’Ipk) J U 1^ ejC DC THERMAL RESISTANCE 


0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 Ik 2k 5k 10k 20k SOk 100k 

tt - TIME (im) 
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National 

Semiconductor 


Process 38 
NPN Medium Power 


0.031 

(0.787) 



DESCRIPTION 

Process 38 is a double-diffused, silicon epitaxial planar de¬ 
vice. Complement to Process 78. 

APPLICATION 

This device was designed for general purpose medium pow¬ 
er amplifiers and switching circuits that require collector cur¬ 
rents to 1.5A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: D40D1-6, NSDU05 
TO-237 EBC: 2N6715, 92PU05 
TO-92 EBC; PN6715 
TO-226 EBC: MPS6715 


ELECTRICAL CHARACTERISTICS (Ta = 25**C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceo 

lc=10mA 

40 



V 

BVcbo 

Ic=100jliA 

65 



V 

bvebo 

Ie = 10/xA 

5 



V 

ICBO 

VcB = 40V 



100 

nA 

•ebo 

< 

m 

GO 

II 

< 



100 

nA 

hpE 

Ic = 1 mA, VcE = 1V 






lc= 100mA,VcE= 1V 


160 

360 



Ic=1A,Vce = 1V 





VCE(SAT) 

Ic = 500 mA, Ib = 50 mA 



0.5 

V 

VbE(SAT) 

Ic = 500 mA, Ib = 50 mA 




V 

h 

Ic = 100 mA, VcE = 10V 

125 

250 

mmm 

MHz 

^ob 

VcB = 10V, f = 1 MHz 


14 

18 


PD(max) 






TO-202 

Tc = 25^ 

10 





Ta = 25“C 

2 



TO-226 

Tc = 25“C 

2 





Ta = 25“C 

1 




TO-237 

Tc = 25‘’C 

2 





Ta = 25“C 

850 




TO-92 

Ta = 25°C 

600 




^JC 






TO-202 

Tc = 25»C 



12.5 

“C/W 

TO-237 

Tc = 25‘’C 



62.5 

“C/W 

^JA 






TO-202 

Ta = 25‘‘C 



62.5 

°C/W 

TO-226 

Ta = 25"C 



125 

“C/W 

TO-237 

Ta = 25‘’C 



147 

°C/W 

TO-92 

Ta = 25“C 



208 

“C/W 

Tj(max) 

All Plastic Parts 

150 


_i 
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Process 38 


Process 38 


Typical Pulsed Current Gain 
vs Collector Current 


Vce*5V1 



0 0.1 1 10 
ic-COLLECTOR CURRENT (A) 


Base-Emitter ON Voltage 
vs Collector Current 

2 ' 2 i-T-rrmnr-TT—TTT^jOT 


VcE 10VM0*C>|>^| 
--VcEM0(25*C)Tj^iJ 



Ic - COLLECTOR CURRENT (mA) 


Gain Bandwidth Product 



1 10 100 m 

Ic - COLLECTOR CURRENT (mA) 


Typical Pulsed Current Gain 
vs Collector Current 


Collector-Emitter Saturation 
Voltage vs Collector Current 




0.01 0.1 1.0 10 
ic - COLLECTOR CURRENT (A) 


TL/G/10037-15 


Base-Emitter Saturation 




Safe Operating Area TO-237 


VcB - COLLECTOR-BASE VOLTAGE (V) 

TL/G/10037-16 


Safe Operating Area TO-202 



ss 
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iCSISSb 
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k^SSaSS! 

mBBBiii 

Lik.'iiiii 


gCT! 

SSS! 

■■■I 
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ihhHI 
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iMUUU 

IpB 

9nn:i 


VcE - COLLECTOR-EMITTER VOLTAGE (V) 


1 10 100 
VcE - COLLECTOR-EMITTER VOLTAGE (V) 

TL/G/10037-17 
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Process 39 



National 

Semiconductor 


Process 39 
NPN Medium Power 



ELECTRICAL CHARACTERISTICS (Ta = 25‘’C) 


DESCRIPTION 

Process 39 is a double-diffused, silicon epitaxial planar de¬ 
vice. Complement to Process 79. 

APPLICATION 

This device was designed for general purpose medium pow¬ 
er amplifiers and switching circuits that require collector cur¬ 
rents to 1 A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: D40D7-14, NSDU06 
TO-237 EBC: 2N6717, 92PU06 
TO-226 EBC: MPS6717 
TO-92 EBC: PN6717 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceo 

lc= 10 mA 

80 



V 

BVcbo 

lc=100jutA 

100 



V 

BVebO 

Ie = 10 jaA 

5 



V 

ICBO 

VcB == 80V 



100 

nA 

Iebo 

< 

m 

GO 

II 

< 



100 

nA 

hPE 

Ic = 100mA,VcE = 1V 

50 


300 



Ic = 500mA,VcE = 1V 

20 





Ic = 500 mA, Ib = 50 mA 



0.8 

V 

iMSmsSHHI 

Ic = 500 mA, Ib == 50 mA 



1.3 

V 

fT 

Ic = 100 mA. VcE = 10V 

80 

150 



Cob 

VcB = 10V. f = 1 MHz 


10 

15 


Pofmax) 

tO-202 

Tc = 25‘*C 

10 



W 


Ta = 25^0 

2 



TO-226 

Tc = 25“C 

2 



W 


Ta = 25“C 

1 



W 

TO-237 

Tc = 25“C 

2 



W 


Ta = 25“C 

850 



mW 

TO-92 

Ta = 25'C 

600 



mW 

6jc 






TO-202 

Tc = 25-0 




“C/W 

TO-237 

Tc = 25“C 




‘‘C/W 
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Process 39 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

^JA 






TO-202 

Ta = 25“C 



62.5 

“C/W 

TO-226 

Ta = 25-0 



125 

“C/W 

TO-237 

Ta = 25-0 



147 

‘•c/w 

TO-92 

Ta = 25“C 



208 

“C/W 

Tj(max) 

All Plastic Parts 

150 





Typical Pulsed Current Gain 
vs Collector Current 



IC-COLLECTOR CURRENT |A) 


Base-Emitter ON Voltage 


vs Collector Current 




Ic - COLLECTOR CURRENT <mA) 


Typical Pulsed Current Gain 
vs Collector Current 



Base-Emitter Saturation 
Voltage vs Collector Current 



1 10 100 Ik 

Ic - COLLECTOR CURRENT (tnA) 


Collector-Emitter Saturation 
Voltage vs Collector Current 



TL/G/10037-22 

Collector-Base Capacitance 
vs Collector-Base Voltage 



CJ 0 10 20 30 

VcB - COLLECTOR BASE VOLTAGE (V) 

TL/G/10037-23 
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Process 39 


Gain Bandwidth Product vs 
Coiiector Current 



Safe Operating Area TO-237 


1 10 100 1 
Ic - COLLECTOR CURRENT (mA) 



Process 39 


Safe Operating Area TO-202 


VcE - COLLECTOR-EMITTER VOLTAGE (V) 



Maximum Power 
Dissipation vs 



Thermai Derating Curve 



Tc-CASE TEMPERATURE rC) 


Thermai Response in TO-202 Package 


0 25 SO 75 100 125 150 

T - TEMPERATURE |“C) 


TL/G/10037-76 


I 



- TIME (ms) 


TL/G/10037-25 . 
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National 

Semiconductor 


Process 40 
NPN RF Amplifier 



DESCRIPTION 

Process 40 is an overlay, double-diffused, silicon epitaxial 
device. 

APPLICATION 

This device was designed for use in low noise UHF/VHF 
amplifiers with collector current in the 100 juA to 20 mA 
range in common emitter or common base mode of opera¬ 
tion, and in low frequency drift, high output UHF oscillators. 


PRINCIPAL DEVICE TYPES 
TO-72: 2N5179 
TO-92: MPS5179 




TO-236^mS^719^.- 


ELECTRICAL CHARACTERISTICS (Ta = 25“C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Pg 

f = 450 MHz, VcE = 10V, Ic = 2 mA (Figure 1) 

12 

16 


dB 

NF 

f = 450 MHz, VcE = 10V, Ic = 2 mA, 

Rq = son (Figure 1) 


3.0 

5.0 

dB 

Pout ^ 

f = 500 MHz, VcB = 15V, Ie = 10 mA 
(TO-92) (Figure 2) 

40 

65 


mW 

hfe 

f = 100 MHz, VcE = 10V, Ic = 10 mA 

10 

15 




f = 79.8 MHz, VcE = 10V, Ic = 5 mA 



10 

ps 


f = 1.0 MHz, VcB = 10V, Ie = 0 (TO-72) 


0.5 

0.6 

PF 


f = 1.0 MHz, VcE = 10V, Ib = 0 (TO-72) 


0.2 

0.3 

PF 

Ceb 

f = 1.0 MHz. Veb = 0.5V* Ic = 0 (TO-72) 


0.8 

1.5 

pF 

hpE 

VcE = lOV.Ic = 5 mA 

40 

90 

200 



VcE = 6V, Ic = 1 mA 

30 




VCE(SAT) 

Ic = 10 mA, Ib = 5 mA 



0.2 

V 

BVceO 

Ic = 1 mA 

20 



V 

bvcbo 

Ic ~ 10 ju«A 

30 



V 

BVebO 

Ie = lOjaA 

4.0 



V 

•CBO 

Vcb = 20V 



100 

nA 

Iebo 

> 

CO 

II 

m 

LU 

> 



100 

nA 
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CD 

O 

o 


Process 40 


DC Current Gain 



0.1 1 10 100 
Ic - COLLECTOR CURRENT (mA) 


Current Gain at 100 MHz 



0 5 10 IS 20 2S 

ic - COLLECTOR CURRENT (mA) 


Base-Emitter ON Voitage 



Ic - COLLECTOR CURRENT (mA) 


TL/G/10037-27 


Maximum Power 



s: 

3 


3 


Reverse Transfer 
Capacitance vs Reverse 
Bias Voitage 



0.1 1.0 10. so 


REVERSE eiAS VOLTAGE (V) 


input Capacitance vs 



0.1 0.2 0.5 1.0 2.0 S 

REVERSE BIAS VOLTAGE (V) 


Base-Emitter Saturation 



Iq - COLLECTOR CURRENT (mA) 


TL/G/10037-28 

Coiiector-Emitter Saturation 
Voitage vs Coiiector Current 



0.1 1 10 20 
Ic - COLLECTOR CURRENT (mA) 


TL/G/10037-29 
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Process 40 


EXTERNAL 

SHIELD 


C1, C2, C3, C7, C8 = 0.8 pF -10 pF variable ca¬ 
pacitor 

C3 - Plastic tubular trimmer capacitor [adjusted and 
fixed for a transistor having a typical value of Cd, 
(0.35 pF)] 

C4 - 200 pF button-type feedthrough capacitor 

C5 - 1000 pF feedthrough capacitor 

C6 - 470 pF leadless ceramic disc capacitor 

L1, L3 -1 inch length of Va inch diameter copper bar 

stock 

L2 - V 2 loop No. 14 AWG enameled wire parallel to 
and approximately 1.4 inch from L3 
R1 - 5 kft potentiometer 
R2 -1.2 kn 

DO . P ko TL/G/10037-30 


FIGURE 1. Neutralized 450 MHz Gain and Noise Figure Circuit 




500 MHz OUTPUT 
INTO 50S2 


Note 1: 2 turns No. 16 AWG wire, Vs inch OD, VA inch long. 
Note 2: 9 turns No. 22 AWG wire, Vie inch OD, yz inch long. 


FIGURE 2.500 MHz Oscillator Circuit 
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^Nahonal 
mSM Semiconductor 


Process 42 
NPN RF Amplifier 



DESCRIPTION 

Process 42 is an overlay, double-diffused, silicon epitaxial 
device. 

APPLICATION 

This device was designed for use In low noise UHF/VHF 
amplifiers with collector current In the 100 jaA to 10 mA 
range In common emitter or common base mode of opera¬ 
tion, and In low frequency drift, high output UHF oscillators. 

PRINCIPAL DEVICE TYPES 
TO-92 BEC: MPSH10 
TO-236: MMBTH10 


TL/G/10037-32 

ELECTRICAL CHARACTERISTICS (Ta = 25‘’C) 


Symbol | Conditions 


f = 450 MHz, VcE = 10V, Iq = 2 mA (Figure 1) 




f = 200 MHz, VcE = 10V, Ic = 2 mA (Figure 2) 


f = 200 MHz, VcE = 10V, Ic = 2 mA, 
Rs = 120n (Figure 2) 


f = 100 MHz, VcE = 10V, Ic = 5 mA 


f = 79.8 MHz, VcE = 10V, Ic = 5 mA 


f = 1.0 MHz, VcB = 10V, Ie = 0 (TO-72) 


f = 1.0 MHz, VcE = 10V, Ib = 0 (TO-72) 


f = 1.0 MHz, Veb = 0.5V, Ic = 0 (TO-72) 



BVceo 

Ic = 1 mA 

bVcbo 

Ic = lOjuA 

bVebo 

Ig = 10 jU/A 

•CBO 

VcB = 30V 

%BO 

> 

CO 

II 

CD 

LU 

> 









































Maximum Power 
Dissipation vs 
Ambient Temperature 


Ic - COLLECTOR CURRENT (mA) 

Reverse Transfer 
Capacitance vs Reverse 
Bias Voitage 


Ic - COLLECTOR CURRENT (fflA) 

input Capacitance vs 
Reverse Bias Voitage 



Process 42 























Process 42 


COMMON BASE Y PARAMETERS VS FREQUENCY 


Input Admittance vs 
Frequency 
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fi 


Reverse Transfer 



f-FREQUENCY (MHz) 


Output Admittance vs 
Frequency 



f> FREQUENCY (MHz) 


COMMON EMITTER Y PARAMETERS VS FREQUENCY 


Input Admittance vs 



100 200 500 1000 


f - FREQUENCY (MHz) 



100 200 500 1000 


f-FREQUENCY (MHz) 


Output Admittance vs 
Frequency 



100 200 500 1000 

f-FREQUENCY (MHz) 


Process 42 

Forward Transfer 



f-FREQUENCY (MHz) 


TL/G/10037-34 


Forward Transfer 
Admittance vs Frequency 



100 200 500 1000 

(-FREQUENCY (MHz) 


TL/G/10037-35 
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Process 42 



OUTPUT 

I son 


C1, C2, C3, C7, C8 = 0.8 pF -10 pF variable capacitor 
C3 - Plastic tubular trimmer capacitor [adjusted and fixed 
for a transistor having a typical value of Cgb (0.35 pF)] 

C4 - 200 pF button-type feedthrough capacitor 

C5 - 1000 pF feedthrough capacitor 

C6 - 470 pF leadless ceramic disc capacitor 

L1, L3 -1 inch length of Vi inch diameter copper bar stock 

L2 - Va loop No. 14 AWG enameled wire parallel to and 

approximately Vi inch from L3 

R1 - 5 kn potentiometer 

R2- 1.2 kn 

R3 - 2 kft 


FIGURE 1. Neutralized 450 MHz Gain and Noise Figure Circuit 


TL/G/10037-36 


10K 



FIGURE 2. Neutralized 200 MHz PF and NF Circuit 
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FIGURE 3.500 MHz Oscillator Circuit 
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a 

National 

Semiconduct 

0.013 ^ 

or NPN VHF/UHF Oscillator 

DESCRIPTION 

(0.330) 

Process 

device. 

ADDI ir 

43 Is an overlay, double-diffused, silicon epitaxial 

NATION 

y/lce was designed for use as RF amplifiers, oscilla- 
i multipliers with collector current in the 1 mA to 
'ange. 

PAL DEVICE TYPES 

2N918 

EBC: PN918, PN3563, 2N5770 

:MMBT918 



■ 

!| 

0.1 

(0.: 

This de 
tors an 
20 mA 

PRINCi 

TO-72: 

TO-92 

IS 

TO-236 

TL/G/10037-39 

ELECTRICAL CHARACTERISTICS (Ta = 25^) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

GpE 

f = 200 MHz, Ic = 5 mA, Vqe = 10V (Neutralized) 

14 

18 


dB 


f = 60 MHz, Ic = 1 mA, Vqe = 10V, Rs = 200n 


3.5 

6.0 

dB 

PO 

f = 500 MHz, Ic = 8 mA, Vce = 15V (Figure 1) 
f = 900 MHz, Ic = 8 mA, Vce = 15V 

20 

3.0 



mW 

hfe 

Ic = 5 mA, Vce = lov, f = IOO MHz 

6.0 

9.0 



rb'Cc 

f = 79.8 MHz, Vce = 10V, Ie = 8 mA 


10 

25 

ps 

CcB 

VcB = 10V, Ie = 0 


1.2 

1.7 

PF 

Ceb 

Veb = 0.5V, Ic = 0 


1.4 

2.0 

PF 

hpE 

Ic = 1 mA, Vce ~ 1V 

Ic = 5 mA, Vce = lOV 

Ic = 30 mA, Vce = lOV 

25 

40 

30 

80 



VcE(SAT) 

Ic = 10 mA, Ib = 1 mA 


0.25 


V 

VbE(SAT) 

Ic = 10 mA, Ib = 1 mA 


0.9 


V 

BVceO 

Ic = 3 mA 

15 



^■1 

bVcbo 

Ic = lOjaA 

30 




BVebO 

Ie = lOjaA 

4 



V 

ICBO 

VcB = 20V 



100 

nA 

Iebo 

> 

CO 

II 

m 

o 

> 



100 

nA 
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FIGURE 1.500 MHz Oscillator Circuit 
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National 

Semiconductor 


Process 44 
NPN AGC-RF Amplifier 


DESCRIPTION 

Process 44 is an overlay, double-diffused, silicon device. 

APPLICATION 

This device was designed for use as a low noise VHP ampli¬ 
fier with foHA^ard AGC capability. 

PRINCIPAL DEVICE TYPES 
TO-92 BEC: MPS6568, MPSH30 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

NF 

f = 200 MHz, Ic = 2 mA, Vqe = 10V, 

Rs = 50ft (Figure 1) 


2.0 

3.0 

dB 

Pg 

f = 200 MHz, Ic = 2 mA, Vqe = 10V, 

Rs = 50ft (Figure 1) 

20 

24 


dB 

NF 

f = 45 MHz, Ic = 4 mA, Vce = 10V, 

Rs = 50ft (Figure 2) 


3.0 


dB 

Pg 

f = 45 MHz, Ic = 4 mA, Vce = 10V. 

Rs = 50ft (Figure 2) 

23 

26 


dB 

AGC 

1 = 200 MHz, Vagc at 30 dB Down (Figure 1) 

3.9 

4.5 

5.2 

w 


f = 45 MHz, Vagc at 30 dB Down (Figure 2) 

4.0 

5.0 

6.0 


Ccb 

VcB = 10V, Ie = 0 (TO-72) 



0.50 

PF 


(TO-92) 



0.55 

PF 

hfe 

Vce = 10V. Ic = 4 mA, f = lOO MHz 

4.0 

5.5 



hpE 

Ic = 4 mA, Vce = 6V 

30 

70 

200 


mmm 

Ic “ 10 mA, Ib = 5 mA 


0.5 

2.0 

V 

VbE(SAT) 

Ic = 10 mA, Ib = 5 mA 


0.85 

0.95 

V 

BVceO 

o 

11 

3 

> 

30 



V 

BVcbO 

Ic = lOjLtA 

30 



V 

BVebo 

Ie = lOjuA 

4.0 




•CBO 

VcB = 20V 



100 


■ebo 

> 

CO 

II 

m 

UJ 

> 



100 

nA 
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Process 44 


Pulsed DC Current Gain vs 



Ic - COLLECTOR CURRENT ImA) 


Maximum Power 
Dissipation vs 



Coiiector-Emitter 
Capacitance vs Collector- 



Contours of Constant Gain 
Bandwidth Product (fj) 



1.0 2.0 3.0 4.0 5.0 7.0 10 

Ic - COLLECTOR CURRENT (mA) 


Base-Emitter ON Voltage vs 



Power Gain vs Frequency 



10 so 100 500 1000 


Ic - COLLECTOR CURRENT (mA) 


f - FREQUENCY (MHz) 


Collector Cutoff Current vs 



Ta - AMBIENT TEMPERATURE (*C) 


Collector-Base Capacitance 



Vcs - COLLECTOR TO BASE VOLTAGE (V) 



0.2 2 10 30 50 70 90 90 99.8 




PERCENTILE DISTRIBUTION (%) 


Distribution of Collector- 



Noise Figure and Source 
Resistance vs Frequency 



1.0 5.0 10 50 100 500 1000 


I - FREQUENCY (MHz) 



Noise Figure vs Source 
Resistance and Coiiector 
Current 


==F= 
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inniii 


s 
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iiiMia 

m 

in 


III 
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— 2 . 5 'dB 
3 . 0 'dB 
— 3 . 5 'dB 
=4.0 dB 

2n 

S!| 

IIIIMl 

mi 

1 

m\: 

111 




T. 


_4.B 

dB 

ill 

h:«ii 

'•ilaZaM 


r.iinrii 

■irdll 

— 

— 

1 

■lli 

III 


s 




: 

I 

I : 


II 


0.1 0.5 1.0 5.0 10 

Ie - EMITTER CURRENT (mA) 
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COMMON EMITTER PERFORMANCE 


Process 44 


Power Gain and Noise 
Figure vs Automatic Gain 
Control Voltage 

B f = 2D0MHi(iMfi9.1) I Jill 

I J . \' U 2kc-^-l— " 




- AUTOMATIC GAIN CONTROL VOLTAGE (V) 

Power Gain and Noise 
Figure vs Automatic Gain 
Control Voltage 


iiw^^ioikik'iwira 

II iriHHEmmwflrii 


Vagc - AUTOMATIC GAIN CONTROL VOLTAGE (V) 


Power Gain and Noise 
Figure vs Collector Current 


o 5 S.0 

S " 

fi £ 0 

e» M 


Vcc ■ 10 V 
0 f = 200 MHz 


__ 


nf/ 



\ 

/ 




/ 



17 

\ 



\i 

\ 




Ia 

_ 


in 

po) 

11 


Ic - COLLECTOR CURRENT (mA) 


Power Gain and Noise 
Figure vs Collector Current 



Ic - COLLECTOR CURRENT (mA) 


op^ik-i 


Maximum Available Gain vs 
Collector Current 


12 ^ ui 

10 I I 

5 i 

6 .P 11 



Ic - COLLECTOR CURRENT (mA) 


Maximum Available Gain vs 
Collector Current 


■ftinKVH 



Ic - COLLECTOR CURRENT (mA) 

TL/G/10037-46 


lf-©i 


0 . 7 - / 10 . 7-10 pF . 
R.F. BEADS 1.0 pF lOpF | , 


Ti ■ Ferrite Core Indiana Gen. Corp. F-684-Q3 1 ± 

T2 - 6 turns No. 16 buss wire ID = Vi inch L = % inch ^ “ 

FIGURE 1.200 MHz, AGC, Power Gain and Noise Figure Test Jig 
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COMMON EMITTER Y PARAMETERS VS FREQUENCY 


Process 44 


Input Admittance vs 
Collector Current-Output 
Short Circuit 





Reverse Transfer 
Admittance vs Coiiector 
2 Current-input Short Circuit 

I I M I I I I I I 


Forward Transfer 
Admittance vs Coiiector 
Current-Output Short Circuit 

I I I I I I . 

_f = 4SMHz, 
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0 2.0 4.0 0.0 0.0 10 12 

Ic - COLLECTOR CURRENT (mA) 


0 2.0 4.0 0.0 0.0 10 12 

Ic - COLLECTOR CURRENT <inA) 

; 0 2.0 4.0 6.0 8.0 10 12 

Ic - COLLECTOR CURRENT (mA) 




TL/G/10037-49 

Output Admittance vs 
Coiiector Current-Input 
Short Circuit 


Input Admittance vs Emitter 
Current-Output Short Circuit 

Reverse Transfer 

Admittance vs Emitter 

1 Current-Input Short Circuit 
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Process 44 

COMMON BASE Y PARAMETERS VS FREQUENCY 

Input Admittance vs 

Reverse Transadmittance vs 

Forward Transadmittance 

Collector Current-Output 

Collector Current-Input 

vs Collector Current-Output 

Short Circuit - 

Short Circuit 

Short Circuit 


lill 


llfl 


m 


0 2.0 4.0 0.0 8.0 10 

Ic - COLLECTOR CURRENT (mA) 


0 2.0 4.0 6.0 8.0 10 

Ic - COLLECTOR CURRENT (mA) 


0 2.0 4.0 6.0 8.0 10 

Ic ^ COLLECTOR CURRENT (mA) 


Output Admittance vs 
Collector Current-Input 
Short Circuit 



I 2.0 4JI 0.0 8.0 10 

Ic - COLLECTOR CURRENT (mA) 


Maximum Stable Gain vs 
Collector Current Common 
Base Configuration 



2.0 4.0 6.0 8.0 10 

Ic - COLLECTOR CURRENT (mA) 


Common Base Configuration 
Stability Factor-k vs 
Collector Current 


[UNCONDITIONALLY- 
r STABLE - 


J^CONOITIONALLY 
^ I stable : 


.. I ZZZpVcB • 10V; 

. , I I f»2pOMHi 

2.0 4.0 6.0 8.0 10 

Ic-COLLECTOR CURRENT (mA) 


Maximum Stable Gain vs 
Frequency Common Base 
Configuration 




r 

" 



Vc8 =10V 




u 



-liU 


10 20 SO 100 200 SOO 1000 

f - FREQUENCY (MHi) 
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S0S2 

OUTPUT 


T1 - 3:1 ratio No. 22 Bifilar on Mi¬ 
crometals Toroid, P/N T30-12 
Rg = 50fl, R|_ = 2.5 kft 
fbw = 8.0 MHz 


TL/G/10037-56 


FIGURE 3.200 MHz Common Base Power Gain, 
Noise Figure, Automatic Gain Control Test Circuit 
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National 

Semiconductor 


Process 47 
NPN RF-IF Amplifier 


DESCRIPTION 

Process 47 is an overlay, double-diffused, silicon epitaxial 
device, with a Faraday shield diffusion. 

APPLICATION 

This device was designed for common-emitter low noise 
amplifier and mixer applications in the 100 /xA to 15 mA 
range to 300 MHz, and low frequency drift common-base 
VHF oscillator applications with high output levels for driving 
FET mixers. 

PRINCIPAL DEVICE TYPES 
TO-92 BEC: MPSH11, MPSH24 
TO-237: MMBTH11 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Pg 

f = 45 MHz, VcE = 10V, Ic = 4 mA (Figure 1) 

29 

33 


dB 

Pg 

f = 200 MHz, VcE = 10V, Ic = 2 mA 

Unneutralized (Figured) 

17 

19.5 


dB 

NF 

f = 200 MHz, VcE = 10V, Ic = 2 mA, 

Rs = son (Figure 3) 


2.0 


dB 

rb'Cc 

f = 79.8 MHz, VcB = 10V, Ie = 5 mA 



15.0 

ps 

hfe 

f = 100 MHz, VcE = 15V, Ic = 7 mA 

6 

10 



Cib 

Veb = 0.5V, Ic = 0 (TO-92) 


2.0 

3.0 


CCB 

VcB = 10V, Ie = 0 (TO-92) 


0.33 

0.40 


9oe 

f = 45 MHz, VcE = 15V, Ic = 7 mA 



125 

jLtmho 

roep 

f = 10.7 MHz, VcE = 10V, Ic = 2 mA 




n 

hpE 

VcE = 15V, Ic = 7 mA 

40 

100 

200 


VCE(SAT) 

Ic = 20 mA, Ib = 1 mA 


0.3 

1.0 

V 

VbE(SAT) 

Ic = 10 mA, Ib = 5 mA 



0.95 

V 

BVceO 

Ic = 1 mA 

35 



V 

BVcbO 

lc=10iuiA 

40 



V 

BVebO 

< 

o 

II 

4.0 



V 

ICBO 

VcB = 30V 



100 

nA 

Iebo 

> 

CO 

II 

CQ 

LU 

> 



100 

nA 



ELECTRICAL CHARACTERISTICS (Ta = 25“C) 


11 
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COLLECTOR CURRENT (mA) 

Ic - COLLECTOR CURRENT (mA) 

Ic - COLLECTOR CURRENT (mA) 
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TL/G/10037-58 

FIGURE 1.45 MHz Power Gain Circuit 


200 MHz 

son 


300 pF 


(CH 






245 MHz 

son 


irr 


L !”•* 


j T T ? ir^'“ 

"S I 1 I 



Li - Ohmite RFC Z235 

Ti - Primary 5 turns No. 34 wire Va inch diameter. 
Secondary 2 turns No. 34 wire close wound over 
a Q100 core (10.7 MHz). When terminated on 
secondary side with 50n primary measures 1.5k, 
-25 pF. 

TL/G/10037-61 


FIGURE 2.200 MHz Conversion Gain Test Circuit 
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COMMON-EMITTER Y PARAMETERS 



Input Admittance vs 



0 4 8 12 16 20 

Ic - COLLECTOR CURRENT <mA) 


Input Admittance vs 



0 2.0 4.0 6.0 8.0 10 

Ic-COLLECTOR CURRENT (mA) 


I 

I 


Input Admittance vs 
Collector Voltage 



_ 

•c 

_f 

<7mA 

4SMH1- 
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—._ 


illl 




mr 





m 

in 


■in 

111 

111 

Ill 


0 4 8 12 16 20 

VcE - COLLECTOR VOLTAGE (V) 


1 

Ul 

fcj 

I 

I 


Input Admittance vs 
Frequency 



so 100 600 


f - FREQUENCY (MHi) 


Forward Transfer 
Admittance vs Collector 



Forward Transfer 
Admittance vs Collector 



Ic - COLLECTOR CURRENT (mA) 


Forward Transfer 
Admittance vs Collector 
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« 

K 
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s 

K 
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Reverse Transfer 
Admittance vs Collector 
Current 
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0 4 8 12 16 20 

Ic - COLLECTOR CURRENT (mA) 


Reverse Transfer 
Admittance vs Collector 



0 2.0 4.0 6.0 8.0 10 

Ic - COLLECTOR CURRENT (mA) 


Reverse Transfer 
Admittance vs Collector 



» ————— 

T 0 2 4 6 0 10 12 14 10 18 20 

VcE - COLLECTOR VOLTAGE (V) 


Reverse Transfer 
Admittance vs Frequency 



so 100 500 1000 


F - FREQUENCY (MMx) 
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Output Admittance vs 
Collector Current 



0 4 8 12 16 20 24 

Ic - COLLECTOR CURRENT (mA) 


Output Admittance vs 
Collector Current 



0 2.0 4.0 6.0 8.0 10 


Ic - COLLECTOR CURRENT (mA) 


Output Admittance vs 
Collector Voltage 



0 4 8 12 16 20 24 

VcE - COLLECTOR VOLTAGE (V) 


Output Admittance vs 
Frequency 



so 100 500 1000 


f-FREQUENCY (MHz) 


Power Gain and Noise 
Figure vs Collector Current 



0 2.0 4.0 6.0 8.0 10 

Ic - COLLECTOR CURRENT (mA) 


Conversion Gain vs 
Collector Current 



0 1 2 3 4 5 

Ic - COLLECTOR CURRENT (mA) 


TL/G/10037-63 


200 MHz 
INPUT 



Vbb 


All capacitance in pF, all resistance in fl. 

TL/G/10037-64 


FIGURE 3. Unneutralized 200 MHz PG NF Test Circuit 














Process 


National 

Semiconductor 


Process 48 
NPN High Voltage Amplifier 



DESCRIPTION 

Process 48 is a non-overlay, triple-diffused, silicon device 
with a field plate. Complement to Process 76. 

APPLICATION 

This device was designed for application as a video output 
to drive color CRT and other high voltage applications. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: D40N1-4 
TO-237 EBC: 2N6719, 92PU10 
TO-226 EBC: MPSW42 
TO-92 EBC: MPSA42 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceO 

Ic = 1 mA 

300 

370 


V 

BVcbO 

Ic = IOOjilA 


500 


V 

BVebO 

Ie = lOjLiA 

7.0 



V 

Ices 

VcB = 150V 



100 

nA 

■ebo 

< 

m 

CD 

II 

O) 

< 



100 

nA 

hpE 

Ic = 1 mA, VcE = 10V 

30 





Ic = 10mA,VcE = 10V 

40 

90 

200 



Ic = 100 mA, VcE = 10V 


20 



VCE(SAT) 

Ic = 20 mA, Ib = 2 mA 


0.25 

1.0 

V 

VbE(SAT) 

Ic = 20 mA, Ib = 2 mA 


0.74 

1.0 

V 

CCB 

VcB = 20V (TO-92) 


1.9 

3.5 

PF 

Cib 

Veb = 0.5V 



70 

PF 

hfe 

Ic = 15mA,VcE = 100V, 

Ic = 15mA,f = 20 MHz 

2.5 

4.0 



^□(max) 






TO-202 

Tc = 25^0 

10 



W 


Ta = 25°C 

2 



W 

TO-226 

Tc = 25°C 

2 


! 

W 


Ta = 25‘’C 

1 



W 

TO-237 

Tc = 25'’C 

2 



W 


Ta = 25°C 

850 



mW 

TO-92 

Ta = 25‘’C 

600 



mW 

^JC 






TO-202 

Tc = 25'>C 



12.5 

°C/W 

TO-237 

Tc = 25°C 



62.5 

“C/W 


11-104 







COLLECTOR COTOFF CURRENT (nA) Vbe«)N) - BASE-EMITTER ON VOLTAGE (V) hpE - OC CURRENT GAIN 


Process 48 


ELECTRICAL CHARACTERISTICS (Ta = 25“C) (Continued) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

^JA 






TO-202 

Ta = 25“C 



62.5 

°C/W 

TO-226 

Ta = 25“C 



125 

°c/w 

TO-237 

Ta = 25°c 



147 

“C/W 

TO-92 

Ta = 25°c 



208 

°c/w 

'^J(nnax) 

All Plastic Parts 

150 



°c 

DC Current Gain vs 

Typical Pulsed Current Gain 

Collector-Emitter Saturation 

Collector Current 

vs Collector Current 

Voltage vs Collector Current 



in 


!fi 

■«& 

!1S 

wm 

mm\ 
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fj 

m 


0 so 100 ISO 200 2S0 300 

VcB - COLLECTOR TO BASE VOLTAGE (V) 


1.0 10 100 1000 
REVERSE BIAS VOLTAGE (V) 


&.0 1U 20 60 100 

Ic - COLLECTOR CURRENT (mA) 
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Safe Operating Area TO-237 
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Guaranteed Maximum DC 
Power Dissipation vs 
Coilector-Emitter Voltage TO-39 
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Ambient Temperature 
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National 

Semiconductor 


Process 49 
NPN RF Amplifier 



DESCRIPTION 

Process 49 is an overlay, double-diffused, silicon epitaxial 
device. 

APPLICATION 

This device was designed for general RF amplifier and mix¬ 
er applications to 250 MHz with collector current in the 1 mA 
to 20 mA range. 

PRINCIPAL DEVICE TYPES 
TO-92 BEC: MPSH20 
TO-236: MMBTH20 


TL/G/10037-69 


ELECTRICAL CHARACTERISTICS (Ta = 25*C) 


Symbol 

Conditions 

Min 

Typ 

Max 


Pg 

f = 45 MHz, VcE = 10V, Iq = 10 mA 

25 

30 



fT 

VcE ~ 1 0V, Iq = 10 mA 

400 

700 


MHz 

rb'Cc 

f = 79.8 MHz, VcE = 10V, Ic = 8 mA 



20.0 

ps 

CcB 

f = 1.0 MHz,Vcb = 10V, Ie = 0 




PF 

hFE 

VcE = 10V, Ic = 10 mA 


100 

250 



VcE ~ 10V, Ic ~ 4 mA 






VcE ~ 1 0V, Ic = 10 mA 


0.80 

0.90 

V 

VCE(SAT) 

Ic = 30 mA, Ic = 3 mA 


0.15 

0.50 

V 

roep 

f = 4.5 MHz, VcE = 10V, Ic = 2 mA 

80k 



n 

BVceo 

Ic = 1 mA 

35 



V 

BVcbo 

< 

o 

II 

_o 

45 



V 

BVebO 

< 

o 

II 

4.0 



V 

ICBO 

VcB = 30V 



100 

nA 

•ebo 

Veb = 3.0V 



100 

nA 



11-107 


Process 49 





















Ic - COLLECTOR CURRENT (mA) 


f - FREQUENCY (MHi) 


Ic-COLLECTOR CURRENT (mA) 

TL/G/10037-70 
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Process 49 


Conversion Gain vs Conversion Gain vs 

Collector Current Oscillator Injection Level 



TL/G/10037-72 

FIGURE 1.45 MHz Power Gain Circuit 

200 MHz 



Vce*15V 


FIGURE 2.200 MHz Conversion Gain Test Circuit 


TL/G/10037-73 
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Process 61 
PNP Darlington 


DESCRIPTION 

Process 61 is a monolithic, double-diffused, silicon epitaxial 
Darlington. Complement to Process 05. 

APPLICATION 

This device is designed for applications requiring extremely 
high current gain at collector currents to 1 A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: D41K1-4, NSDU95 
TO-226 EBC: MPSW63 
TO-92EBC: MPSA63 
TO-116: MPQA63 

TO-236: MMBTA63 

16-SOIC: MMPQA63 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

NF 

Ic = 1 mA, VcE = 5V. Rs = 100k, f = 1 kHz 


2 


dB 

CcB 

VcB = 10V, Ie = 0,f = 1 MHz 


5 

8 

PF 

hpE 

Ic = 10 mA, VcE = 5V 

5,000 





Ic = 100 mA, VcE = 5V 

5,000 

40,000 

200,000 



IC= 1A,Vce = 5V 

1,500 




VCE(SAT) 

10 mA, 0.01 mA 



1.0 

V 


100 mA, 0.1 mA 



1.5 


VbE(ON) 

10 mA, 5V 




V 


100mA,5V 





hfe 

Ic = 10 mA, VcE = 5.0V, f =1 kHz 





BVceS 

lc=100/xA 

40 



V 

BVebo 

m 

II 

o 

> 

12 



V 

•CES 

VcE= 15V,Vbe = 0 




nA 

ICBO 

VcB = 15V, Ie = 0 



100 

nA 

■ebo 

Veb = 10V, Ic = 0 



100 

nA 

PD(max) 






TO-202 

Tc = 25»c 

10 



W 


Ta = 25‘>c 

2 



W 

TO-226 

Tc = 25°C 

2 



W 


Ta = 25°c 

1 



W 

TO-237 

Tc = 25“C 

2 



W 


Ta = 25'’C 

850 



mW 

TO-92 

Ta = 25"C 

600 



mW 

TO-236 

Tc = 25°C 

350 



mW 


j^Nanonai 
mA Semiconductor 
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ELECTRICAL CHARACTERISTICS (Ta = 25‘’C) (Continued) 


Symboi 

Conditions 

Min 

Typ 

Max 

Units 

^JC 






TO-202 

Tc = 25“C 



12.5 

°C/W 

TO-237 

Tc = 25“C 



62.5 

“C/W 

^JA 






TO-202 

Ta == 25“C 



62.5 

“C/W 

TO-226 

Ta = 25°C 



125 

°c/w 

TO-237 

Ta = 25“C 



147 

‘’C/W 

TO-92 

Ta = 25^C 



208 

“C/W 

'^'j(max) 

All Plastic Parts 

150 



“C 


DC Current Gain vs 



1.0 10 100 1000 


Ic - COLLECTOR CURRENT (mA) 


Collector Emitter 
Saturation Voltage 



Ic - COLLECTOR CURRENT (mA) 


Base-Emitter Saturation 
Voltage vs 
Collector Currrent 



Ic - COLLECTOR CURRENT (mA) 


Collector-Base Diode 
Reverse Current 



0 25 SO 75 100 125 

Tj - JUNCTION TEMPERATURE (“C) 


Output Capacitance vs 
Reverse Bias Voltage 



0.1 1.0 10 100 
REVERSE VOLTAGE (V) 


Input Capacitance vs 
Reverse Voltage 



0.1 1.0 10 
REVERSE VOLTAGE (V) 


Base-Emitter ON Voltage 



Ic - COLLECTOR CURRENT (mA) 


Small Signal Current Gain 
vs Coliector Current 


BBDXllS 

nil 

■■II 

in 

■II 

in 


III! 

■■II 

in 

■II 



Ill 

■■II 


HI 



nn 

VCE 

Hi 

^ TT 

= 10 VOLT 

1 

m 

□I 



■II 

in 

m 

ISI 

eaii 


■1 

in 

s 

d 

B 


■II 

m 

■ 


Ki\ 

in 

■ 

III 

■■II 


■II 

m 

_ 

III 

■Ml 



1.0 10 100 1000 
Ic - COLLECTOR CURRENT (mA) 


Thermal Derating Curve 



0 25 SO 75 100 125 150 

T - TEMPERATURE (**0 

TL/G/10038-2 
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^ National Process 62 

mlm Semiconductor PNP Small Slanal 


0.018 

DESCRIPTION 

_ • 

(0.457 

1 0.0035 
""! (0.0889) 



Process 62 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 07. 

APPLICATION 

These devices are designed for low level, high gain, low 
noise general purpose amplifier applications to 20 mA col¬ 
lector current. 

PRINCIPAL DEVICE TYPES 

TO-18: 2N3550 

TO-92 EBC: 2N5086, PN4250 

TO-236: MMBT5086 



I 

m 

0.1 

m 

18 

57) 

TL/G/10038-4 

ELECTRICAL CHARACTERISTICS (Ta = 25“C) 

Symbol 

Conditions 


Typ 

Max 

Units 

■Qjlll 

VcE = 5V, Ic = 10 jilA, Rs = 10 kH. 
PBW= 15.70 kHz 


1 

3 

dB 


VcE = 5V, Ic = 500 /xA, f = 20 MHz 

3 

6 



Cjb 

Veb = 0.5V 



8 

PF 

Cob 

> 

in 

11 

CD 

O 

> 


3.5 

5 

PF 

hFE 

Ic = 1 /aA, Vce = 5V 

Ic = IO/xA.Vce = 5V 

Ic = 100 jliA,Vce = 5V 

Ic = 500 juiA, Vce = 5V 

Ic = 1 mA, Vce = 5V 

Ic = 10 mA, Vce = 5V 

45 

60 

75 

90 

90 

75 

270 

630 


VCE(SAT) 

Ic = 1 mA, Ib = 0.1 mA 

Ic = 10 mA, Ib ~ 1 mA 



0.10 

0.15 

V 

V 

Vbe(SAT) 

Ic = 1 mA, Ib = 0.1 mA 

Ic = 10 mA, Ib == 1 rnA 



0.75 

0.90 

V 

V 

BVceO 

Ic = 1 mA 

50 



V 

BVcbO 

lc= lOjitA 

60 



V 

bVebo 

Ig = 10 jaA 

8 



V 

•CBO 

VcB = 40V 



100 

nA 

•ebo 

> 

CD 

II 

m 

m 

> 



100 

nA 

PD(max) 

TO-18 

TO-92 

TO-236 

Ta = 25"C 

Ta = 25X 

Tc = 25"C 

600 

600 

350 



mW 

mW 

mW 

'rj(max) 

All Metal Can Parts 

All Plastic Parts 

200 

150 



“C 

•’C 
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Process 62 


DC Current Gain vs 
Collector Current 


SllSSiiiiiSI 




0.001 0.01 0.1 1 10 H 

Ic - COLLECTOR CURRENT (mA) 

Collector Cutoff Current 
^ vs Ambient Temperature 


2S SO 75 100 125 ISO 

Ta - AMBIENT TEMPERATURE (*0 


Base-Emitter ON Voltage 
vs Collector Current 


■iiiiiilHIilijiiiii_ 

■iiiiiiliaPASiliiiiii 

■iiiHSaiuiiiniiiiiii 

siiiiiiaoiiiiniiiiiii 



1.1 1.0 10 100 
Ic - COLLECTOR CURRENT (mA) 

Collector and Base 
Saturation Voltage vs 
Collector Currrent 





T 

rF 

iiT 

«r 






_ 











i- 








ri 

Vbe(s 

AT! 

iTa*25'C 


— 

- 

r 








r 

i— 








t 



LVci<6at.Ta*25”C_ 


0.1 1.0 10 SO 

Ic-COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation vs 
Ambient Temperature 



0 SO 100 ISO zoo 
Ta - AIVIBIENT TEMPERATURE {*0 

Input and Output 
Capacitance vs Reverse 
Bias Voltage 

l"l I M I I 
























Bo )< 

:=‘0 





5 



i- 




F— — 


0 -4.0 -a.O -12 -18 -20 

Veb. Vce - REVERSE BIAS VOLTAGE IV) 


Contours of Constant Gain 
Bandwidth Product (fr) 

irrTTTTTirTwJl 


_■■■■ ait Mill 

iiSi Muu 

II WKilHI 


_ v.a Ml 

— y/r 


Collector-Base Diode 
Current vs Temperature 



Ic - COLLECTOR CURRENT (mA) 


2S SO 75 100 125 

Tj - JUNCTION TEMPERATURE ( = C) 


Contours of Constant 
Narrow Band Noise Figure 



0.001 0.01 0.1 

Ic - COLLECTOR CURRENT (mA) 


Contours of Constant 
Narrow Band Noise Figure 





0.001 0.01 0.1 1 
Ic - COLLECTOR CURRENT (mA) 


Contours of Constant 
Narrow Band Noise Figure 


■ilUHlCiiSIKS 


lasiisl 

laTiBlkaHiNiNia 


0.001 0.01 0.1 1.0 
Ic - COLLECTOR CURRENT (mA) 



Contours of Constant 
Narrow Band Noise Figure 



iimmi 

"iiSSSSriSl 

liilSPHPSir 


Ic - COLLECTOR CURRENT (mA) 

TL/G/10038-5 
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Process 62 


Equivalent Input Noise 
Voltage and Noise Current 
vs Collector Current 



Wideband Noise Figure vs 
Source Resistance 


BiiggBaBaa—■ 


Ic - COLLECTOR CURRENT (mA) 


1.0k 2.0k S.0k 10k 20k 50k 100k 

Rs - SOURCE RESISTANCE (£2) 


Noise Figure vs Frequency 



f - FREQUENCY (Hz) 


SMALL SIGNAL CHARACTERISTICS (f = 1.0 kHz) 



Symbol Parameter 

hje _ Input Resistance _ 

hoe _ Output Conductance 

JVe_ Voltage Feedback Ratio 

hfe Small Signal Current Gain 


Conditions 


Ic = 1.0mA,VcE = -5.0V 
lc= 1.0mA,VcE= -5.0V 
Ig= 1.0mA.VcE = -5.0V 
lc= 1.0mA,VcE= -5.0 V 



TYPICAL COMMON EMITTER CHARACTERISTICS (f = 1.0 kHz) 


Common Emitter 
Characteristics vs 
Collector-Emitter Voltage 



-5.0 -10 -IS -20 -25 

- COLLECTOR-EMITTER VOLTAGE (V) 


Common Emitter 
Characteristics vs 
Collector Current 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Ic - COLLECTOR CURRENT (mA) 


Common Emitter 
Characteristics vs 
Ambient Temperature 

Vce'= -sW P 

Ic = 1.0 mA I 

f-1.0 kHz_hi.. 


-60 -40 -20 0 20 40 60 80 II 

Ta - AMBIENT TEMPERATURE (“O 
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National 

Semiconductor 


Process 63 
PNP Medium Power 


DESCRIPTION 

Process 63 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 19. 

APPLICATION 

This device was designed for use as general purpose ampli¬ 
fiers and switches requiring collector currents to 500 mA. 

PRINCIPAL DEVICE TYPES 
TO-5 EBC: 2N2905 
TO-18EBC: 2N2907A 
TO-237 EBC: TN2905 
TO-92 EBC: PN2907A, 2N4403 
TO-116: MPQ2907 

TO-236: MMBT2907 

16-SOIC: MMPQ2907 

TL/G/10038-8 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tON 

Ic = 150 mA, Ibi = 15 mA (Figure 1) 


30 

45 

ns 

toFF 

Ic = 150 mA, Ib 2 = 15 mA (Figure 2) 


220 

290 

ns 

CcB 

VcB = 10V 


6 

8 

PF 

Ceb 

Veb = 0.50V 



20 

PF 

hfe 

Ic = 20 mA. VcE = 20V, f = 100 MHz 

1.5 

2.5 



NF(spot) 

Ic = 100 julA, Vce = 10V, Rs = Ik, f = 1 kHz 


1.5 


dB 

hpE 

Ic = 1 mA, Vce = 1 OV 

50 





Ic = 10 mA, Vce = 10V 

50 





Ic = 150 mA, Vce = lOV 

50 

150 

400 



Ic = 500 mA, Vce = 10V 

30 




VcE(SAT) 

Ic = 150 mA, Ib = 15 mA 



0.5 

V 


Ic = 500 mA, Ib = 50 mA 



1-2 

V 

VbE(SAT) 

Ic = 150 mA, Ib = 15 mA 



1.3 

V 


Ic = 500 mA, Ib = 50 mA 



1.6 

V 

bvceo 

Ic = 10 mA 

35 



V 

BVcbo 

Ic = lOOjLtA 

50 



V 

bvebo 

Ie = lOjaA 

6 



V 

ICBO 

VcB = 35V 



100 

nA 

Iebo 

> 

II 

CD 

UJ 

> 



100 

nA 



0.0032 

'(0.0813) 
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Process 63 


ELECTRICAL CHARACTERISTICS (Ta = 25*C) (Continued) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

PD(max) 






TO-5 

Tc = 25“C 

3 



W 


Ta = 25^C 

800 



mW 

TO-18 

Tc = 25‘'C 

1.7 



W 


Ta = 25“C 

600 



mW 

TO-237 

Tc = 25‘’C 

2 



W 


Ta = 25‘’C 

850 



mW 

TO-116 

Ta = 25*0 






(Each Transistor) 

500 



mW 


(Total Dissipation) 

900 



mW 

TO-236 

Tc = 25“C 

350 



mW 

Tj(max) 

All Metal Can Parts 

200 



“C 

All Plastic Parts 

150 



“C 


SMALL SIGNAL CHARACTERISTICS (f = 1.0 kHz) 


Symbol 

Parameter 

Conditions 

Min 



Units 

hie 

Input Resistance 

Ic = 10mA,VcE = -10V 


480 


n 

hoe 

Output Conductance 

Ic = 10mA,VcE = -10V 


80 

1200 

fLmhos 


Voltage Feedback Ratio 

Ic = 10mA,VcE = -10V 




X10-6 

hfe 

Small Signal Current Gain 

Ic = 10mA,VcE = -10V 

100 





TYPICAL COMMON EMITTER CHARACTERISTICS (f = 1.0 kHz) 




-1.0 -2.0 -5.0 -10 -20 -50 

ic -COLLECTOR CURRENT (mA) 


-4.0 -0.0 -12 -16 -20 

VcE - COLLECTOR VOLTAGE (V) 



-40 -20 0 20 40 60 60 100 

Ta - AMBIENT TEMPERATURE (“0 


TL/G/10038-13 
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TIME(m) SATURATION VOLTAGE (V) t*'^***^*®** <"**1 bn - DC CURRENT GAIN 


Process 63 


DC Pulsed Current Gain 
vs Collector Current 



Ic - COLLECTOR CURRENT (mA) 

Maximum Power 
Dissipation vs 
Case Temperature 



so 100 ISO 200 
Tc - CASE TEMPERATURE (”C) 


Base-Emitter ON Voltage vs 
Collector Current 


Maximum Power 
Dissipation vs 
Ambient Temperature 




Ic - COLLECTOR CURRENT (mA) 

Collector Reverse Current 
vs Reverse Bias Voltage 


so 100 ISO 200 
Ta - AMBIENT TEMPERATURE ( C) 


Pulsed Collector Saturation 
Voltage vs Collector Current 




0 -10 -20 -30 -40 -SO -60 

VcE - COLLECTOR TO EMITTER VOLTAGE (V) 


-1.0 -10 -100 -SOO 

Ic- COLLECTOR CURRENT (mA) 


Pulsed Base Saturation 
Voltage vs Collector Current 


_ Mii 

.JIReil 

II 


Input and Output 
Capacitances vs Reverse 
Bias Voltage 


■I_ 

aiiisiiiiimii 


I -10 -100 -500 

Ic - COLLECTOR CURRENT (mA) 



.. wsmi 
flKSIIliBn 
—BGsirai 

ISlBBIfflSBSnil 


0.1 1.0 -10 -so 

REVERSE BIAS VOLTAGE(V) 


Contours of Constant Gain 
Bandwidth Product (fj) 


II lllllilkll 

II IIIIWM 

as ass'iBi^ 

iisii!^: 

■1 ■IlhMIXI 

n iiiM^ 

WAfiiH 

w/m 

!! liK 

'im 

■'.biirjiriBi 

mm ■l■n■■F^lriml 

HllliHlimillliliHIfliSIliVijl 


-0.1 -1.0 -10 -100 -500 

ic - COLLECTOR CURRENT (mA) 


Switching Times vs 
Collector Current 


l■li»lllnllllill 
li!!i!i!iBiniiiiii 

BPIfllBa iMHIIIII 

nEMillMMllllll 

l■lllllllKa■llllll 

l■lllllll■WTIIIIIII 

l■lllllll■MIIIIII 

MIIUIIIHMillllll 

IHIlHlIIMIIEIIII 


Turn On and Turn Off Times 
vs Collector Current 

I‘b 1 =lB2»lc'/10|j| I I I I I III! 


Rise Time vs Collector and 
Turn On Base Currents 



Ic - COLLECTOR CURRENT (mA) 


Ic - COLLECTOR CURRENT (mA) 


lppig||MnHMl 


-10 -20 -50 -100 -200 -500 

Ic - COLLECTOR CURRENT (mA) 
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Process 63 



-16V 

< 200 NS 




FIGURE 1. Saturated Turn On Switching Time Test Circuit 


TL/G/10038-11 



-30V 

<200 NS 




FIGURE 2. Saturated Turn Off Switching Time Test Circuit 


TL/G/10038-12 
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55 W National Process 65 

JlM Semiconductor PNP Hmh .Qwitrh 


0.015 

DESCRIPTION 

Process 65 is an overlay, double-diffused, gold doped, sili- 

(0.3 

81) 

0.0075 

(0.1905) *” 


coil ueviue. oompitsmeni lo rrocess /ii. 

APPLICATION 

This device was designed for very high speed saturate 
switching at collector currents to 50 mA. 

PRINCIPAL DEVICE TYPES 

TO-18EBC: 2N4208 

TO-92 EBC: PN3640, 2N5771 

TO-236: MMBT3640 

TO-116: MPQ3640 

16-SOIC: MMPQ3640 



0.0 

(0.1 

)75 

)05) 

' 0.( 

15 




(0.3 

81) 

ELECTRICAL CHARAC 

TL/G/10038-14 

:TERISTICS (Ta = 25°C) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tOFF 

Ic = 10 mA, Ib 2 = 1 rnA (Figure 1) 


18 

25 

ns 

tON 

Ic = 10 mA, Ibi = 1 mA (Figure 1) 


11 

15 

ns 

ts 

< 

E 

o 

II 

C\J 

_0Q 

II 

II 

_o 


15 

20 

ns 

^ob 

> 

in 

II 

m 

O 

> 


2 

3 

PF 

Qb 

Veb = 0.5V 



3.5 

PF 

hfe 

VcE = 10V, Ic = 10 mA, f = 100 MHz 

6.5 

9 



hFE 

Ic = 1 mA, VcE = 1V 

Ic “ 10 mA, VcE = 1V 

Ic = 50 mA, VcE = IV 

Ic = 100 mA, VcE = IV 

Ic = 1 mA, VcE == 0.5V 

Ic = 10 mA, VcE = 0.3V 

20 

30 

25 

20 

20 

20 

85 

75 

150 


VCE(SAT) 

Ic = 1 mA, Ib = 0.1 mA 

Ic = 10 mA, Ib = 1 mA 

Ic = 50 mA, Ib = 5 mA 



0.15 

0.20 

0.50 

V 

V 

V 

VbE(SAT) 

Ic = 1 mA, Ib = 0.1 mA 

Ic = 10 mA, Ib = 1 mA 

Ic = 50 mA, Ib = 5 mA 



0.8 

0.95 

1.5 

V 

V 

V 

BVceO 

Ic = 3 mA 

15 



V 

BVcbO 

Ic “ 100 fxA 

15 



V 

BVebO 

Ic = lOjaA 

4.5 



V 

ICBO 

VcB = 10V 



100 

nA 

Iebo 

> 

CO 

II 

CD 

liJ 

> 



100 

nA 
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Process 65 





























Process 



11-122 




National 

Semiconductor 


Process 66 
PNP Small Signal 


DESCRIPTION 

Process 66 is an overlay, double-diffused, silicon epitaxial 
device. Complement to Process 23. 

APPLICATION 

This device was designed for general purpose amplifier and 
switching applications at collector currents of 10 jaA to 
100 mA. 

PRINCIPAL DEVICE TYPES 
TO-92EBC: 2N3906, 4126 

TO-236: MMBT3906 

TO-116: MPQ3906 

16-SOIC: MMPQ3906 


TL/G/10030-19 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tOFF 

Ic = 10 mA, Ib 2 = 1 mA 


150 

300 


tON 

Ic = 10 mA, Ibi = 1 mA 


30 

70 


Cob 

> 

in 

11 

m 


3.0 

4.5 


Qb 

Veb = 0.5V 



15 

PF 

hfe 

f - 100 MHz, VcE = 20V, Iq = 10 mA 

2.5 

4.5 



NF (wideband) 

Ic = 100 ju,A, VcE = 5V, Rs = 1 kn 


2.0 


dB 


Ic = 0.1 mA, VcE = 1V 

40 





Ic = 1 mA, VcE = 1V 

50 





Ic = 10 mA, VcE = 1V 

50 

150 




Ic = 50 mA, VcE = 1V 

40 





lc= 100mA,VcE = 1V 

20 




VCE(SAT) 

Ic = 10 mA, Ib = 1 mA 



0.25 

V 


Ic = 50 mA, Ib = 5 mA 



j 0.40 

V 

VbE(SAT) 

Ic = 10 mA, Ib = 1 mA 



0.85 

V 


Ic = 50 mA, Ib = 5 mA 



0.95 

V 

BVceO 

Ic = 1 mA 

35 



V 

bvcbo 

o 

11 

o 

1= 

> 

45 



V 

BVebo 

Ic = lOjaA 

5.0 



V 

ICBO 

VcB = 25V 



100 

nA 

Iebo 

Veb = 4V 



100 

nA 


Q.013 



0.022 

(0.559) 
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LEAKAGE CURRENT (rA) Vce«sat> - COLLECTOR-EMITTER SATURATION VOLTAGE (V) hpE - DC CURRENT GAIN 


Process 66 



TL/G/10038-21 

























11-125 


Process 66 











































Process 67 



National 

Semiconductor 


Process 67 
PNP Medium Power 



DESCRIPTION 

Process 67 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 12. 

APPLICATION 

This device is designed for general purpose amplifier and 
switching applications at currents to 1A and collector volt¬ 
ages up to 70V. 

PRINCIPAL DEVICE TYPES 
TO-39EBC: 2N4033 
TO-92EBC: MPSA56 
TO-116: MPQA56 

TO-202 EBC: NSDU56 
TO-226 EBC: MPSW56 
TO-236: MMBT56 

TO-237 EBC: TN4033 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tON 

Iq = 500 mA, lgi = 50 mA 


35 


ns 

tOFF 

Iq = 500 mA, Ib 2 “ 50 mA 


250 


ns 

Cob 

VcB = 10V 


11 

15 

PF 

Qb 

Veb = 0.50V 



90 

PF 

hfe 

VcE = 10V, Ic = 50 mA, f = 100 MHz 

1 

2 



NF (spot) 

Ic = 100 jiiA, Rs = Ik, VcE = 10V, f = 1 kHz 


1 


dB 

hFE 

Ic = 0.10 mA, VcE = 10V 

40 





Ic = 1.0 mA, VcE = 10V 

45 





Ic = 10 mA, VcE = 10V 

50 





Ic = 100 mA, VcE = 10V 

50 

150 

350 



Ic = 500 mA, VcE = 10V 

35 




VCE(SAT) 

Ic = 150 mA, Ig = 15 mA 



0.2 

V 


Ic = 500 mA, Ig = 50 mA 



0.6 


VbE(SAT) 

Ic = 150 mA, Ig = 15 mA 



1.0 

V 


Ic — 500 mA, Ig = 50 mA 



1.2 

BVceo 

Ic = 10 mA 

60 



V 

BVcbO 

lc=100jaA 

70 



V 

BVebO 

Ie = 10/xA 

7 



V 

ICBO 

VcB = 50V 



100 

nA 

■ebo 

Veb = 5V 



100 

nA 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C) (Continued) 


Symbol 

Conditions 

Min 

^D(max) 

TO-202 

Tc = 25“C 

10 


Ta = 25°C 

2 

TO-237 

Tc = 25“C 

2 


Ta = 25“C 

850 

TO-226 

Ta = 25“C 

1 

TO-92 

Ta = 25”C 

600 

TO-39 

Tc = 25“C 

7 


Ta = 25‘’C 

1 

TO-236 

Tc = 25“C 

350 

TO-116 

Ta = 25“C 



(Each Device) 

500 


(Total Dissipation) 

900 


Process 67 


DC Pulsed Current Gain 
vs Collector Current 



IIIIIIIIIBiiafi!i 
llllllllllllllllllll 


Ic - COLLECTOR CURRERT ImRI 


Maximum Power 
Dissipation vs 
Case Temperature 
















'V^O-aOjSTEED 




5 












Base-Emitter ON Voitage 
vs Coiiector Current 



Ic - COLLECTOR CURRENT (mA) 


Safe Operating Area TO-39 
with “Wake Field” 

Type 296-4 Heat Sink 

•lcMAX(10MS)| [ \ I I I - 


Maximum Power 
Dissipation vs 
Ambient Temperature 


Ta - AMBIENT TEMPERATURE (*C) 

TL/G/10038-23 

*One square inch of copper run 

Gain Bandwidth Product 
vs Collector Current 


Ml 1UU lau ^uu 
Tc - CASE TEMPERATURE (°C) 


VcE - COLLECTOR EMITTER VOLTAGE (V) 


2.0 20 100 200 
Ic - COLLECTOR CURRENT (mA) 

TL/G/10038-24 
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Process 68 
PNP Small Signal 



GENERAL DESCRIPTION 

Process 68 is a non-overlay, double-diffused, Silicon epitaxi¬ 
al device. Complement to Process 10. 

APPLICATION 

This device was designed for general purpose amplifier ap¬ 
plications at collector currents to 500 mA. 

PRINCIPAL DEVICE TYPE 
TO-92 EBC: PN200, PN2907 
TO-92 ECB: 2N4061 
TO-116: MPQ200 

TO-236: MMBT200,200A 

16-SOIC: MMPQ200 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

bvcbo 

o 

II 

o 

> 

60 



V 

BVceO 

Ic = 1 mA 

45 



V 

bvebo 

Ie = lOjutA 

6 



V 

ICBO 

VcB = 50V 



50 

nA 

Ices 

VcE = 40V 



50 

nA 

•ebo 

> 

II 

m 

UJ 

> 



50 

nA 

hpE 

Ic = 100 )uiA,Vce = 1V 

80 





Ic = 10mA,VcE = 1V 

100 

250 

600 



Ic = 100mA,VcE = 1V 

100 





Ic = 150mA,VcE = 5V 

100 


500 



Ic = 300 mA, VcE = 5V 

50 




VCE(S) 

Ic = 10 mA, Ib = 1 mA 



0.2 

V 

VbE(8) 

Ic = 10 mA, Ib = 1 mA 



0.85 

V 

VCE(s) 

Ic = 200 mA, Ib = 20 mA 



0.4 

V 

VbE(s) 

Ic = 200 mA, Ib = 20 mA 



1.0 


Cob 

Vcb = 5V, f ^ 1 MHz 


4.0 

6.0 


fT 

VcE = 20V, Ic = 20 mA 


300 




Ic = 10 mA, Ib^ ~ Ib 2 “ ^ 


275 


ns 

tOFF 

Ic = 150 mA, Ib^i = Ib 2 “ 


225 


ns 

NF 

Ic = 100 juA, VcE = 5V, Rq = 2 kn, f = 1 kHz 


1.5 


dB 

PD(max) 


■m 




TO-92 

Ta = 25"C 





TO-236 

Tc = 25‘’C 

— 

HHHI 
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Processed 


Collector Current 
vs Collector-Emitter Voltage 




-40.mA 







— 
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irx 


0 10 20 30 40 50 


Collector Current 
vs Collector-Emitter Voltage 



Input and Output Capacitance 



0.1 1.0 10 100 


Vce-COLLECTOR emiher voltage (V) 


Vce-COLLECTOR emitter voltage (V) 


REVERSE VOLTAGE (V) 


Contours of Constant Gain 
Bandwidth Product (fj) 



1 10 100 


Collector Saturation Voltage 



Base Saturation Voltage 



Ic-COLLECTOR CURRENT (mA) 


Ic-COLLECTOR CURRENT (mA) 


Ic-COLLECTOR CURRENT (mA) 


Base Saturation Voltage 



Collector Saturation Voltage 



DC Current Gain 
vs Collector Current 






\mm 


II ''CET 

5V 

T 


iiisa 







-1 





a; 












TA = 

25 

®c 



\ 








I: 












A = 




V 

\ 










“N 













s 

n 




























0 1.1 „ .,l 

0.01 0.1 1 10 100 1000 


Iq-COLLECTOR CURRENT (mA) 


Ic" COLLECTOR CURRENT (mA) 


Ic - COLLECTOR CURRENT (mA) 


Total Power Dissipation 
vs Ambient Temperature 



0 25 50 75 100 125 150 


AMBIENT TEMPERATURE («C) 

* Mounted on 10 x 8 x 0.6 mm copper pad on epoxy-glass FR-4 board. 


Switching Times 
vs Collector Current 
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Process 69 
PNP Small Signal 


I 0.005 I 
f (0.127) "n 


DESCRIPTION 

Process 69 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 11. 

APPLICATION 

These devices are designed for general purpose amplifier 
applications to 300 mA collector current. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC: PN201 
TO-236: MMBT201 


ELECTRICAL CHARACTERISTICS (Ta = aS^C) 


Symbol 


VbE(SAT) 


BVcbo 


BVceO 


Conditions 


Cob 

VcB = 10V, f = 1 MHz 



3.0 

Qb 

Veb = 0.5V, f = 1 MHz 



16 


Ic = 100juiA,VcE = 5V 
Rs = 2 kn, f = 1 KHz 


VcE = 10V, Ic = 20 mA 


Ic = 150 mA, Ib = 15 mA 


Ic = 150 mA, Ib = 15 mA 


Ic = 10 jaA 


Ic = 1 mA 


BVebo 

Ie = lOjuA 

•CBO 

VcB = 40V 

•CES 

VcE = 30V 

Iebo 

Veb = 4.0V 

PD(max) 


TO-92 

Ta = 25“C 

TO-236 

Tc = 25“C 
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Process 69 


1 

I 


Collector Current 
vs Collector-Emitter Voltage 



egtS 

mm 





iS 



mum 






■Mi 

■M 
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0 10 20 30 40 so 



Input and Output Capacitance 



0.1 1.0 10 100 


Vce-COLLECTOR emiher voltage (V) 


Vce-COUECTOR emiher voltage (V) 


REVERSE VOLTAGE (V) 


S 

I 


Contours of Constant Gain 
Bandwidth Product (It) 



1 10 100 


Collector Saturation Voltage 



Base Saturation Voltage 
vs Collector Current 


TUI "r. 

1— 

iiiii 

iiiiiiraiii 
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.. I I III I I III I 

'o.l 1 10 100 1000 


Ig-COLLECTOR CURRENT (mA) 


COLLECTOR CURRENT (mA) 


Ig - COLLECTOR CURRENT (mA) 


Base Saturation Voltage 
vs Collector Current 


TA = 











Hp^slO 


IHBIII 


1 ^ ^fi=20 
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* 0.1 1 10 100 1000 


Collector Saturation Voltage 



DC Current Gain 
vs Collector Current 
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0.01 0.1 1 10 100 1000 


Ig- COLLECTOR CURRENT (mA) 


Ig - COLLECTOR CURRENT (mA) 


Ig-COLLECTOR CURRENT (mA) 


Total Power Dissipation 
vs Ambient Temperature 



0 25 so 75 100 125 ISO 


AMBIENT TEMPERATURE (<»C) 
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Process 70 
PNP Memory Driver 



DESCRIPTION 

Process 70 is a non-overlay, double-diffused, gold doped, 
silicon epitaxial device. Complement to Process 25. 

APPLICATION 

This device was designed primarily for high speed saturated 
switching applications to currents of 1A. 

PRINCIPAL DEVICE TYPES 
TO-39EBC: 2N3467 
TO-237 EBC: TN3467 
TO-116: MPQ3467 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

tON 

Ic = 500 mA, Ibi = 50 mA (Figure 1) 


20 

40 

ns 

tOFF 

Ic = 500 mA, Ib 2 = 50 mA (Figure 2) 


60 

90 

ns 

Cob 

VcB = -10V 


15 

20 

PF 

Cib 

Veb = -0.5 V 



80 

PF 

hFE I 

lc= 100mA,VcE= -1V 

40 

100 

200 



Ic = 500mA,VcE = -1V 

30 


120 



lc= 1 A,Vce= -iv 

15 




VCE(SAT) 

lc= 150mA,lB = 15 mA 




V 


Ic = 500 mA, Ib = 50 mA 




V 


Ic = 1A, Ib = 100 mA 



1.0 

V 

VbE(SAT) 

Ic — 150 mA, Ib = 50 mA 



1.2 

V 


Ic = 500 mA, Ib = 50 mA 



1.2 

V 


Ic = 1A, Ib = 100 mA 



1.7 

V 

bvceo 

Ic = 10 mA 

40 



V 

bVcbo 

lc= 100 jaA 

50 



V 

bVebo 

Ie = lOjuA 

6 



V 

ICBO 

VcB = 30V 



100 

nA 

Iebo 

< 

m 

CD 

11 

< 



100 

nA 

PD(max) 






TO-39 

Tc = 25‘’C 

7 



W 


Ta = 25’C 

1 



W 

TO-237 

Tc = 25”C 

2 



W 


Ta = 2S*C 

850 



mW 

TO-116 

Ip, = 25‘’C 






(Total Dissipation) 

1 



W 


(Each Transistor) 

600 



mW 

T’j(max) 

All Metal Can Parts 




*C 


All Plastic Parts 




“C 
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Process 70 


DC Pulsed Current Gain vs 
Collector Current 



10 100 1000 
ic - COLLECTOR CURRENT (mA) 



Ic - COLLECTOR CURRENt (mA) 


Ic - COLLECTOR CURRENT (mA) 


Input and Output 
Capacitance vs Reverse 
Bias Voltage 



.1 1 10 BO 

REVERSE BIAS VOLTAGE (V) 



SQ » I ‘_1,1 .J 

10 100 Ih lOk 100k 1M 

R(n) 


Delay Time vs Turn On Base 
Current and Reverse Base- 
Emitter Voltage 



-20 -30 -SO -70 -100 

let - TURN ON BASE CURRENT (mA) 


TL/G/10038-36 
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Process 70 


Storage Time vs Turn On 
and Turn Off Base Currents 


Storage Time vs Turn On 
and Turn Off Base Currents 


Faii Time vs Turn On and 
Turn Off Base Currents 
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Process 74 
PNP High Voltage 



DESCRIPTION 

Process 74 is a non-overlay, double-diffused, silicon epitaxi¬ 
al device. Complement to Process 16. 

APPLICATION 

This device was designed as a general purpose amplifier 
and switch for applications requiring high voltages. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC: 2N5401 
TO-236: MMBT5401 


Symbol 

Conditions 

Min 


Max 


fj 

Ic = 10 mA, VcE = 10V, f = 100 MHz 

100 




Cob 

VcB = 10V, f = 1 MHz 


6 

10 


hpE 

Ic = 1 mA, VcE ~ 5V 

40 





Ic = 10mA,VcE = 5V 

50 

120 

250 



Ic = 50 mA, VcE = 5V 

20 




VbE(SAT) 

Ic = 50 mA, Ib = 5 mA 



0.95 

V 

VCE(SAT) 

Ic ~ 50 mA, Ib = 5 mA 

' 


0.50 

V 

BVceO 

Ic = 1 mA 

120 



V 

bVcbo 

o 

II 

o 

> 

140 



V 

bVebo 

lE=10juiA 

6 



V 

ICBO 

VcB = 100 V 



100 

nA 

Iebo 

> 

II 

CD 

LU 

> 



100 

nA 

PD(max) 


mm 




TO-92 

Ta = 25“C 





TO-236 

Tc = 25“C 
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Process 75 
PNP RF Amplifier 


DESCRIPTION 

Process 75 is an overlay, double-diffused, silicon epitaxial 
device. Complement to Process 43. 

APPLICATION 

This device was designed for radio frequency applications 
to collector currents to 20 mA. 

PRINCIPAL DEVICE TYPES 
TO-92 EBC; PN5208 


TL/G/10038-59 


ELECTRICAL CHARACTERISTICS (Ta = 25^C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Cob 

< 

o 

CD 

II 

O 

< 


1.6 

2.0 

PF 

Qb 

Veb = 0.5V 



3.5 

PF 

hfe 

VcE = 10V, Ic = 10 mA, f = 100 MHz 

6.5 

9.0 





30 






40 

85 

180 


VcE(SAT) 

Ic ~ 10 mA, Ib = 1 rnA 



0.20 

V 

VbE(SAT) 

Ic - 10 mA, Ib = 1 mA 



0.95 

V 

BVceO 

Ic = 3 mA 

18 



V 

BVcbO 

Ic = 100 fiA 

18 




BVebo 

Ic — 10 jjlA 

4.5 



IBB 

•CBO 

> 

o 

II 

CD 



100 

nA 

•ebo 

> 

CO 

II 

m 

ijj 

> 



100 

nA 

PD(max) 






TO-92 

Ta = 25"C 

600 



mW 

TO-236 

Tc = 25“C 

350 



mW 


All Plastic Parts 

150 
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Process 75 


DC Current Gain vs 
Collector Current 



- 0.1 -1 -10 -100 


Ic - COLLECTOR CURRENT (mA) 


Collector Saturation 



Ic - COLLECTOR CURRENT (mA) 


input and Output 
Capacitance vs Reverse 
Bias Voltage 

3.0 


2.8 

B 12 

I.. 

% 

u 

1.4 


1.0 

0 -2.0 -4.0 -8.0 -8.0 -10 

REVERSE BIAS VOLTAGE (V> 



Base-Emitter ON Voltage 



Ic - COLLECTOR CURRENT (mA) 


Collector Reverse Current 
vs Collector-Emitter 



VcE - COLLECTOR-EMITTER VOLTAGE (V) 


Contours of Constant 
Gain Bandwidth 
Product (fj) 



-0.1 -1.0 -10 -too 


Ic - COLLECTOR CURRENT (mA) 



Ic - COLLECTOR CURRENT (mA) 


Collector Reverse Current 



Ta - AMBIENT TEMPERATURE (“O 

Maximum Power 



Ta - AMBIENT TEMPERATURE |**C) 

TL/G/10038-60 
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Process 76 
PNP High Voltage Amplifier 



TL/G/10038-42 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


DESCRIPTION 

Process 76 is a non-overlay, planar epitaxial silicon transis¬ 
tor with a field plate. Complement to Process 48. 

APPLICATION 

This device was designed for high voltage driver applica¬ 
tions. 

PRIMARY DEVICE TYPES 
TO-226 EBC: MPSW92 
TO-92EBC: MPSA92 
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Process 76 » 

CD 


DC Current Gain vs 
Collector Current 


bI 
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B 
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Pulsed Current Gain vs 
Collector Current 


lEIlXiHiiiSSak '.'"ISSSi 


Collector-Emitter Saturation 
Voltage vs Collector Current 


0.1 1 10 

Ic-COLLECTOR CURRENT (mA) 


Base-Emitter ON Voltage 
vs Collector Current 



10 100 
Ir - COLLECTOR CURRENT (mA) 


0.1 1 10 100 
IC - COLLECTOR CURRENT (mA) 

Base-Emitter Saturation 
Voltage vs Collector 
Current 


iiiim 

1.4 

mill 

miBiiiii 

iiiiiii 

mini 

BE 5 1-3 

t" 1.2 

E u 

Z < f 1 

limn 

Dio 

mBiiiii 


S> 1.0 


iKiiV. 

1 o OJ 
n B 


flSilll 

Ss 

n *1 

iaiB!!!::ii 

IIIIIII 

uj^ 0.7 

SMIIM!!! 

IIIIIII 
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IIIIIII 
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DESlIlllill 


10 100 
Ic - COLLECTOR CURRENT (mA) 


0.1 1 10 100 
Ic - COLLECTOR CURRENT (mA) 


Junction Capacitance vs 
Reverse Bias Voltage 


0.1 1 10 100 
Vr - REVERSE BIAS VOLTAGE (V) 


Gain Bandwidth Product 
vs Collector Current 


aiil!!ilBIVI L... 
, _^ii lll wm 
mill Mill 
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10 100 
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Safe Operating 
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Process 77 
PNP Medium Power 


0.031 

(0.787) 



DESCRIPTION 

Process 77 is a double-diffused, silicon epitaxial planar de¬ 
vice. Complement to Process 37. 

APPLICATION 

This device was designed for geneal purpose medium pow¬ 
er amplifier and switching circuits that require collector cur¬ 
rents to 2A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: NSDU51 
TO-237 EBC: 2N6726, 92PU51 
TO-226 EBC: MPS6726 
TO-92EBC: PN6726 


(0.124) (0.112) 


TL/G/10038-44 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceO 

lc=10mA 

25 



V 

BVcbO 

Ic =100 jaA 

35 



V 

BVebO 

Ie = lOjaA 

5 



V 

iCBO 

VcB = 20V 




nA 

Iebo 

> 

11 

m 

LU 

> 


10 


nA 

hpE 

Ic = 100 A,Vce = 1V 

50 

150 

300 



Ic = 1 mA, VcE ~ "IV 

35 




VCE(SAT) 

Ic = 0.5A, Ib = 50 mA 



0.5 

V 

VbE(SAT) 

Ic = 0.5A, Ib = 50 mA 



1.3 

V 

fT 

lc= 100mA,VcE = 10V 

100 

200 


MHz 

Cob 

VcE = 10V, f = 1 MHz 


28 

35 

PF 

PD(max) 






TO-202 

Tc = 2S‘C 

10 



W 


Ta = 25“C 

2 



W 

TO-226 

Ta = 25“C 

1 



W 

TO-237 

Tc = 25"C 

2 



W 


Ta = 25"C 

850 



mW 

TO-92 

Ta = 25"C 

600 



mW 

^JC 






TO-202 

Tc = 25°C 



12.5 

"C/W 

TO-237 

Tc = 25^*0 



62.5 

“C/W 

^JA 






TO-202 

Ta = 25‘’C 



62.5 

“C/W 

TO-226 

Ta = 25^*0 



125 

“C/W 

TO-237 

Ta = 25"C 



147 

“C/W 

TO-92 

Ta = 25"C 



208 

“C/W 

Tj{max) 

All Plastic Parts 

150 
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DC Pulsed Current Gain 
vs Collector Current 



IC - COLLECTOR CURRENT (A) 


DC Pulsed Current Gain 
vs Collector Current 



Collector-Emitter 
Saturation Voltage 
vs Collector Current 



Base-Emitter ON Voltage 
vs Collector Current 
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1 10 180 Ik 


Ic - COLLECTOR CURRENT <mA) 


Base-Emitter Saturation 
Voltage vs Collector 



1 10 100 Ik 

Ic - COLLECTOR CURRENT (mA) 


Collector-Base Capacitance 
vs Collector-Base Voltage 



VcB - COLLECTOR-BASE VOLTAGE (V) 


Gain Bandwidth Product 



1 10 100 Ik 

Ic - COLLECTOR CURRENT (mA) 


Safe Operating 



1 10 100 
VcE - COLLECTOR-EMITTER VOLTAGE (V) 


TL/G/10038-45 
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Process 77 


Safe Operating Area TO-237 



VcE - COLLECTOR EMinER VOLTAGE (V) 


Maximum Power 
Dissipation vs 



Tc - CASE TEMPERATURE rc) 


Thermai Derating Curve 



0 25 SO 75 100 125 ISO 

T - TEMPERATURE CO 


TL/G/10038-46 


Thermai Response in TO-202 Package 



- TIME (im) 


TL/G/10038-48 
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Process 78 
PNP Medium Power 



TL/G/10038-49 


ELECTRICAL CHARACTERISTICS (Ta = 25"C) 


Symbol 

bvceo 

BVcbO 

bvebo 

>CBO 

<EBO 

hpE 


VCE(SAT) 

VbE(SAT) 


Conditions 

Ic = 10 mA _ 

Ic = 100 M _ 

Ie = 10 fiA 

VCB ~ 40V _ 

Veb = 4V _ 

Ic = 1 mA. VcE = 1V 
Ic = 100 mA, VcE = 1V 
Ic = 500 mA, VcE = 1V 

Ic = 500 mA, Ib = 50 mA 
Ic = 500 mA, Ib = 50 mA 


Jt_ 

Cpb 

PD(max) 


Ic = 100mA,VcE = 10V 
VCB = 10V_ 


TO-202 


Tc = 26*C 
Ta = 25“C 


TO-226 


Ta = 25^C 


TO-237 


Tc = 25“C 


TO-92 

^JC 

TO-202 

TO-237 


Ta = 
Ta = 


Tc = 
Tc = 


25“C 

25‘’C 


25'’C 

25‘’C 


DESCRIPTION 

Process 78 is a double-diffused, silicon epitaxial planar de¬ 
vice. Complement to Process 38. 

APPLICATION 

This device was designed for general purpose medium pow¬ 
er amplifier and switching circuits that require collector cur¬ 
rents to 1.5 A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: D4101-6, NSDU55 
TO-237 EBC: 2N6727, 92PU55 
TO-226 EBC: MPS6727 
TO-92 EBC: PN6727 


Min 

40 

50 

5 


Typ 


40 

50 

35 


150 


Max 


100 

100 


300 


0.6 

1.3 


Units 

V 

V 

V 
nA 
nA 


V 


80 


150 

20 


25 


MHz 

PF 


10 

2 

1 

2 

850 

600 


W 

W 

W 

W 

mW 

mW 


12.5 “C/W 

62.5 "C/W 
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ELECTRICAL CHARACTERISTICS (Ta = 25“C (Continued) 


Symbol 

Conditions 

Min 

Typ 

Max 


^JA 






TO-202 

Ta = 25“C 



62.5 

“C/W 

TO-226 

Ta = 25“C 



125 

“C/W 

TO-237 

Ta = 25“C 



147 

“C/W 

TO-92 

Ta = 25“C 



208 

“C/W 

Tj(max) 

All Plastic Parts 

150 



°C 


Pulsed Current Gain 
vs Collector Current 



IC - COLLECTOR CURRENT (A) 


Base-Emitter ON Voltage 
vs Collector Current 

|vrc = iovM(r'c)^l 11 II I ill 

_Vce = 10V (25*C) -J>|I1T B 

"' Vce = 10V (125*C)'J^ ^ M 


Vce = IV < 25*0 
Vce = IV < 12S"C) 


Ic - COLLECTOR CURRENT (mA) 


Pulsed Current Gain 
vs Collector Current 



Collector-Emitter Saturation 
Voltage vs Collector Current 



0.01 0.1 1 10 
Ic - COLLECTOR CURRENT (A) 

Base-Emitter Saturation 
Voitage vs Collector Current 


0.01 0.1 1 10 
Iq-COLLECTOR CURRENT (A) 

TL/G/10038-50 

Collector-Base Capacitance 
vs Coliector-Base Voitage 



Ic - COLLECTOR CURRENT (mA) 


J 0 10 20 30 

VcB - COLLECTOR-BASE VOLTAGE (V) 


Gain Bandwidth Product 
vs Coliector Current 


l■llllll■llllllll 

ll■llllllll■llllllll 
ll■llllllll■llllllll 
ll■llllllll■llllllll 

_ 

■iiiiiiiiiiaiiiiiiiiHiiiii'i 

niiiiiiiiHiiiiiiiniiiiii 

iisiiiiiiiMiiiiiiiniiiiiii 

isiiiiiiiiiaiiiiiiiiniiiiiii 

iiiiiiiiiaiiiiiiiiBiiiiiiii 


10 100 

Ic - COLLECTOR CURRENT (mA) 


Safe Operating Area 
TO-237 



Vce - COLLECTOR-EMITTER VOLTAGE (V) 


Safe Operating Area 
TO-202 



1 10 100 
Vce - COLLECTOR-EMITTER VOLTAGE (V) 

TL/G/10038-52 
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National 

Semiconductor 


Process 79 
PNP Medium Power 



DESCRIPTION 

Process 79 is a double-diffused, silicon epitaxial planar de¬ 
vice. Complement to Process 39. 

APPLICATION 

This device was designed for general purpose medium pow¬ 
er amplifier and switching circuits that require collector cur¬ 
rents to 1A. 

PRINCIPAL DEVICE TYPES 
TO-202 EBC: D4107-14, NSDU56 
TO-237 EBC: 2N6729, 92PU56 
TO-226 EBC: MPS6729 
TO-92EBC: PN6729 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceO 

Ic = 10 mA 

70 



V 

BVcbo 

Ic == 100 fiA 

80 



V 

bVebo 

!e lOfiA 

5 



V 

ICBO 

VcB = 60V 



100 

nA 

•ebo 

> 

II 

CD 

HI 

> 



100 

nA 

hpE 

Ic = 1 mA, VcE = 1V 

40 





Ic = 100mA,VcE = IV 

40 

120 

240 



Ic ~ 600 mA, VcE = 1V 

20 




VCE(SAT) 

Ic = 500 mA, |0 = 50 mA 



0.8 

V 

VbE(SAT) 

Ic — 500 mA, I 5 = 50 mA 



1.4 

V 

fT 

Ic = 100mA,VcE = 10 V 

70 

125 


MHz 

^ob 

VcB = 10V 


14 

18 

PF 

PD(max) 






TO-202 

Tc = 25‘’C 

10 



W 


Ta = 25‘’C 

2 



W 

TO-226 

Ta = 25^0 

1 



W 

TO-237 

Tc = 25*0 

2 



W 


Ta = 25“C 

850 



mW 

TO-92 

Ta = 25*’C 

600 



mW 

^JC 






TO-202 

Tc = 25»C 



12.5 

‘’C/W 

TO-237 

Tc = 25“C 



62.5 

“C/W 


11-148 




































Process 79 


ELECTRICAL CHARACTERISTICS (Ta = 25“C) (Continued) 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

^JA 






TO-126 

Ta = 25“C 



83.3 

°C/W 

TO-202 

Ta = 25“C 



62.5 

‘’C/W 

TO-226 

Ta = 25“C 



125 

“C/W 

TO-237 

Ta = 25"C 



147 

“C/W 

TO-92 

Ta = 25^0 



208 

“C/W 

'•’j(max) 

All Plastic Parts 

150 



“C 


Base-Emitter ON Voltage 
vs Collector Current 



Gain Bandwidth Product 
vs Collector Current 



1 10 100 Ik 

Ic - COLLECTOR CURRENT (mA) 


Pulsed Current Gain 
vs Collector Current 



Ic-COLLECTOR CURRENT (A) 


Base-Emitter 
Saturation Voltage 
vs Collector Current 



1 10 100 Ik 

Ic - COLLECTOR CURRENT (mA) 


Safe Operating 
AreaTO-237 



1 10 100 
VcE - COLLECTOR-EMITTER VOLTAGE (V) 


Pulsed Current Gain 
vs Collector Current 



Collector-Base 
Capacitance vs 
Collector-Base Voltage 



0 10 20 30 

VcB - COLLECTOR-BASE VOLTAGE (V) 

Safe Operating 



1 10 100 
Vce - COLLECTOR-EMITTER VOLTAGE (V) 


TL/G/10038-57 

Collector-Emitter 
Saturation Voltage 



0.01 0.1 1 10 
Ic-COLLECTOR CURRENT (A) 

TL/G/10038-55 
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National 

Semiconductor 


Process 50 
N-Channel JFET 



DESCRIPTION 

Process 50 is designed primarily for RF amplifier and mixer 
applications. It will operate up to 450 MHz with low noise 
figure and good power gain. These devices offer outstand¬ 
ing performance at VHF aircraft and communications fre¬ 
quencies. Their major advantage is low crossmodulation 
and intermodulation, low noise figure and good power gain. 
The device is also a good choice for analog switching where 
low capacitance is very important. 


Electrical Characteristics (Ta = 25 °c) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVqsS 

Gate-Source Breakdown 
Voltage 

VdS = OV, Ig = -1 ju-A 

-25 

-40 


V 

loss 

Zero Gate Voltage 

Drain Current 

Vds = 15V,Vgs = 0 V 

1.0 

10 

20 

mA 

9fs 

Forward Transconductance 

Vds = 15V, Vgs = OV 

3.0 

5.5 

7.0 

mmhos 

Qfs 

Forward Transconductance 

Vdg = 15V, Id = 200 fxA 


1.1 


mmhos 

Iqss 

Reverse Gate Leakage 

Vgs = - 20 V, Vds = ov 


-5.0 

-100 

pA 

rDS(ON) 

ON Resistance 

Vds = 100 mV, Vgs = ov 

100 

175 

500 

n 

VgS(OFF) 

Pinch Off Voltage 

Vds = 15V, Id = 1 nA 

-0.7 

-3.5 

-6.0 

V 

9os 

Output Conductance 

Vdg = 15V, Id = 1 mA, f = 1 kHz 


10 


jLtmhos 

Crss 

Feedback Capacitance 

Vdg = 15 V. Vgs = ov 


0.7 

0.9 

PF 

^iss 

Input Capacitance 

Vds = 15V, Vgs = ov 


3.5 

4.0 

pF 

®n 

Noise Voltage 

Vdg = 15V, Id = 1 mA, f = 100 Hz 


8.0 


nV/VRi 

NF 

Noise Figure 

Vdg = 15V. Id = 5 mA, 

Rg = 1 k(l. f = 400 MHz 


2.2 

4.0 

dB 

GpS 

Power Gain 

Vdg = 15V, Id = 5 mA, f = 400 MHz 


12 


dB 
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Process 50 

This process Is available in the following device types. * Denotes preferred parts. 

TO-72 (NS Package 29) TO-92 (NS Package 92) TO-92 (NS Package 94) TO-92 (NS Package 97) 


2N3823 

*2N5484 

2N3819 

2N5949 

2N3966 

*2N5485 

2N5248 

2N5950 

2N4223 

♦2N5486 

BF244A 

2N5951 

2N4224 

2N5555 

BF244B 

2N5952 

*2N4416 

2N5668 

BF244C 

2N5953 

*2N4416A 

2N5669 

TIS58 

BF245A 

2N5078 

2N5670 

TIS59 

BF245B 

2N5103 

•J304 


BF245C 

2N5104 

*J305 


BF256A 

2N5105 

PN4223 


BF256B 

2N5556 

PN4224 


BF256C 

2N5557 

*PN4416 



2N5558 

PN5163 




MPF102 




MPF106 




MPF107 




MPF110 




MPF111 



TO-236/SOT23 (NS Package 48/49) 




MMBFJ304 

MMBFJ305 

MMBF4416 

MMBF5484 

MMBF5485 

MMBF5486 
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Transfer Characteristics 



0 -1.0 -2.0 -3.0 -4.0 -B.0 

Vqs - GATE-SOURCE VOLTAGE (V) 


Channei Resistance vs 
Temperature 



-7S -25 25 75 125 175 

Ta ~ AMBIENT TEMPERATURE ( C) 


Leakage Current vs Voitage 



0 4.0 8.0 12 16 20 


Voo - DRAIN-GATE VOLTAGE <V) 


Transconductance 

Characteristics 



0 -1.0 -2.0 -3.0 -4.0 -6.0 

Vos - GATE-SOURCE VOLTAGE (V) 


Common Drain-Source 
Characteristics 



0 0.2 04 0.6 0.0 1.0 

Vos - DRAIN-SOURCE VOLTAGE (V> 


Output Conductance vs 
Drain Current 



0.01 0.1 1.0 to 

lo - DRAIN CURRENT (mA) 


Parameter interactions 



Transconductance vs Drain 
Current 



0.01 0.1 1.0 10 


Noise Voitage vs 
Frequency 



Vgs(off) - GATECUTOPF VOLTAGE (V) 


Ip - DRAIN CURRENT (mA) 


f - FREQUENCY (kHt) 


Capacitance vs Voitage 



0 -4.0 -8.0 -12 -16 -20 


Vos - gate-source voltage (V) 


Noise Figure Frequency 
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COMMON SOURCE 


Process 50 

COMMON GATE 


input Admittance 



i.i 

100 200 500 1000 


f-FREQUENCY (MHz) 


input Admittance 



Forward Transadmittance 



too 200 SOO 1000 

f - FREQUENCY (MHz) 


Forward Transadmittance 



100 200 500 1000 

f-FREQUENCY (MHz) 


Output Admittance 



f - FREQUENCY (MHz) 


Output Admittance 



f - FREQUENCY (MHz) 


Reverse Transadmittance 


Reverse Transadmittance 




TL/G/10035-3 
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^National 
JjI Semiconductor 


Process 51 
N-Channel JFET 



DESCRIPTION 

Process 51 is designed primarily for electronic switching ap¬ 
plications such as low ON resistance analog switching. It 
features excellent C|ss Rds(ON) t'fri© constant. The inherent 
zero offset voltage and low leakage current make these de¬ 
vices excellent for chopper stabilized amplifiers, sample and 
hold circuits, and reset switches. Low feed-through capaci¬ 
tance also allows them to handle video signals to 100 MHz. 


Gate is also backside contact 


Electrical Characteristics (Ta = 25 °c) 


Symbol 


Conditions 


Min Typ Max Units 


BVqss Gate-Source Breakdown Vds = OV, Iq = -1 ju-A 

Voltage 

loss Zero Gate Voltage Vps = 20V, Vqs = OV 

Drain Current Pulse Test 

Iqss Reverse Gate Leakage Vqs = -20V, Vqs = OV 

''DS(ON) ON Resistance Vqs =100 mV, Vqs — OV 

gfs Forward Transconductance Vqg = 15V, Iq = 2 mA 

Vgs(OFF) Pinch Off Voltage Vds = 20V, Id = 1 nA 

iD(OFF) Drain OFF Current Vds —20V, Vqs — “10V 


Crss 

Feedback Capacitance 

Vdg = 15V, Id = 6 mA, f = 1 MHz 

Qss 

Input Capacitance 

Vdg = 15V, Id = 5 mA, f = 1 MHz 

®n 

Noise Voltage 

Vdg = 15V, Id = 1 mA, f = 100 Hz 

ton 

Turn-On Time 

Vdd = 10V, Id = 6.6 mA 
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Process 51 

This process is available in the following device types. * Denotes preferred parts. 


TO-18 (NS Package 02) 

TO-92 (NS Package 92) 


TO-92 (NS Package 94) 

2N3970 

2N4860 

*2N5638 

*PN4856 

BF246A 

2N3971 

2N4860A 

♦2N5639 

*PN4857 

BF246B 

2N3972 

2N4861 

*2N5640 

*PN4858 

BF246C 

*2N4091 

2N4861A 

2N5653 

*PN4859 


*2N4092 


2N5654 

♦PN4860 


*2N4093 


*J111 

*PN4861 

TO-92 (NS Package 97) 

*2N4391 


*J112 

U1897 

BF247A 

*2N4392 


*J113 

U1898 

BF247B 

*2N4393 


*PF5101 

U1899 

BF247C 

♦2N4856 


*PF5102 

MPF820 

TIS73 

2N4856A 


*PF5103 


TIS74 

♦2N4857 


♦PN4091 


TIS75 

2N4857A 


*PN4092 



♦2N4858 


♦PN4093 



2N4858A 


*PN4391 



♦2N4859 


♦PN4392 



2N4859A 


TN4393 




TO-236/SOT23 (NS Package 48/49) 

MMBFJ111 

MMBFJ112 

MMBFJ113 

MMBF4391 

MMBF4392 

MMBF4393 


Source and drain interchangeable. 
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Common Drain-Source 
Characteristics 



0 0.4 0.0 1.2 1J 2.0 

Vm - DRAIN-SOURCE VOLTAGE (V) 


Resistance vs Drain 
Current 


iminTTSii 

ISIIV^ 

■ ■ 
■ 1 

n 

■■■Ill 

■■rill 

UUmii 

III'. JHI 

• 1 

H 

■■illl 


i® 

ri 

IB 

I'illli 

m 

H 




S 

M 

mill 


liiia 

1 

i 

S3IM 

m 


IIIH 


■ 

1 

1 

! 

ill 

■■nil 

IIIIH 


1.0 2.0 5.0 to 20 SO 100 

Id - DRAIN CURRENT (mA) 


Output Conductance vs 
Drain Current 


1 :T*«2rc| 


d 

5 10 

6 


^ 1.0 


Voo-sova 

I 11 I II 


eVqs 



IIP;.iaiF^ill';>iMBIIIIIII 

!■ 

mmw. 

WfM 

giiigaimGijl 


illlllll■llllllll■llllllll 


0.01 0.1 

lo-DRAIN CURRENT (mA) 



Transfer Characteristics 



0 -1.0 -2.0 -3.0 

Vos - OATE-SQURCE VOLTAGE (V) 


Normalized Drain 
Resistance vs Bias 
Voltage 



0 0.2 0.4 0.0 0.0 1.0 

'V<»/Va«(oFFi' - NORMALIZED CATE- 
TO-SOURCE VOLTAGE (V) 


Leakage Current vs 



0 1.0 16 24 32 


Vdo (Vos) - DRAIN-GATE (SDURCE) VDLTA6E (V) 


Parameter Interactions 



-O.S -1 -2 -S -10 

Vqs(off) - gate CUTOFF VOLTAGE (V) 


Transfer Characteristics 



0 -0.5 -1 -1.5 

Vos - gate-source voltage (V) 


Transconductance vs 
Drain Current 



Capacitance vs 
Voltage 



0 -4.0 -8.0 -12 -16 -20 

Vos - gate SOURCE VOLTAGE (pF) 


TL/G/10035-5 
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- NOISE VOLTAGE (nV/VRi) 
























National 

Semiconductor 


Process 52 
N-Channel JFET 



DESCRIPTION 

Process 52 is designed primarily for low level audio and 
general purpose applications. These devices provide excel¬ 
lent performance as input stages for piezoelectric transduc¬ 
ers or other high impedance signal sources. Their high out¬ 
put impedance and high voltage breakdown lend them to 
high gain audio and video amplifier applications. Source and 
drain are interchangeable. 


Electrical Characteristics (Ta = 25 °c) 


Symbol 

Parameter 

I Conditions 

Min 

Typ 

Max 

Units 

BVqsS 

Gate-Source Breakdown 
Voltage 

< 

D 

CO 

II 

o 

< 

Q 

II 

I 

> 

-40 

-70 


V 

loss 

Drain Saturation Current 

Vds = 20V, Vgs = OV 

0.2 

1.5 

12 

mA 

9fs 

Forward Transconductance 

Vds = 20V.Vgs = 0V 

0.5 

2.5 

5.0 

mmho 

9fs 

Forward Transconductance 

Vds = 20 V, Id = 200 juA 


700 


jamho 

Iqss 

Reverse Gate Leakage 
Current 

Vgs= -30V,Vds = 0V 


-10 

-100 

pA 

rDSfON) 

Drain ON Resistance 

Vds = 100 mV, Vgs ~ OV 

250 

400 

2000 

n 

VgS(OFF) 

Gate Cutoff Voltage 

Vds = 15V, Id = 1 nA 

-0.3 

1.0 

-8.0 

V 

9os 

Output Conductance 

Vdg = 15V, Id = 200 jliA 


2.0 


jamho 

Crss 

Feedback Capacitance 

Vdg = 15V, Vgs = OV, f = 1 mhz 


1.3 

1.8 

PF 

Cjss 

Input Capacitance 

Vdg = 15V, Vgs = ov, f = 1 MHz 


5 

6 

PF 

®n 

Noise Voltage 

Vdg = 15V, Id = 200 jaA, f = 100 Hz 


10 


nV/VHz 


This process is available in the following device types. * Denotes preferred parts. 


TO-18 (NS Package 02) 

TO-72 (NS Package 25) 

TO-92 (NS Package 92) 

2N3070 

*2N3684 

*J201 

2N3071 

♦2N3685 

*J202 

2N3368 

’^2N3686 

*J203 

2N3369 

♦2N3687 

PN4338 

2N3370 


PN4339 

2N3458 


*PN3684 

2N3459 


*PN3685 

2N3460 


*PN3686 

♦2N4338 


*PN3687 

♦2N4339 

Source and drain interchangeable. 

♦PN4302 

♦2N4340 


♦PN4303 

•»2N4341 


♦PN4304 
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National 

Semiconductor 


Process 53 
N-Channel JFET 



DESCRIPTION 

Process 53 is designed primarily for low current DC and 
audio applications. These devices provide excellent per¬ 
formance as input stages for sub-picoamp instrumentation 
or any high impedance signal sources. 


Electrical Characteristics (Ta = 2S‘C) 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVgsS 

Gate-Source Breakdown 
Voltage 

Vds = OV, Ig = -1 juiA 

-40 

-60 


B|| 

loss 

Zero Gate Voltage 

Drain Current 

Vds= 10V.Vgs = 0V 





Qfs 

Forward Transconductance 

Vds= 10V,Vgs = 0V 



350 

jamho 

Qfs 

Forward Transconductance 

Vdg = 15V, Id = SOjuiA 




jLtmho 

Iqss 

Reverse Gate Leakage 

Vgs = - 20 V, Vds = ov 



-10 


VGS(Off) 

Pinch Off Voltage 

Vds = 10V, Id = 1 nA 


-2.2 

- 6.0 


Crss 

Feedback Capacitance 

Vdg = 15V, Vgs = ov, f = i mhz 


0.85 

1.0 


Cjss 

Input Capacitance 

Vds = 15V, Vgs = ov, f = i MHz 


2.0 

2.5 

PF 

9os 

Output Conductance 

Vdg = 10V, Id = 50 /xA 


0.9 

5.0 

jamhos 

©n 

Noise Voltage 

Vdg = 10 V, Id = 50 jmA, f = 100 Hz 


45 

150 

nV/VHz 


This process is available in the following device types. * Denotes preferred parts. 


TO-72 (NS Package 25) 

2N4117 

♦2N4117A 

2N4118 

♦2N4118A 

2N4119 

*2N4119A 

NF5301 

NF5301-1 

NF5301-2 

NF5301-3 


Source and drain interchangeable 


TO-92 (NS Package 92) 

PN4117 

PN4117A 

PN4118 

PN4118A 

PN4119 

PN4119A 

PN4120 

PN4120A 

‘PF5301 

PF5301-1 

PF5301-2 

PF5301-3 


Parameter Interactions 



-0.1 -0.5 -1.0 -6.0 -10 

Vas<OFFi - GATE CUTOFF VOLTAGE (V) 


TL/G/10035-10 
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Leakage Current vs 
Voltage 



Transfer Characteristics 



>0.2 -0.4 -0.6 -O.B -1 

Vqs - CATE SOURCE VOLTAGE {V| 


Transfer Characteristics 



0 -1.0 -2.0 -3.0 -4.0 


Transfer Characteristics 



Vot - GATE-SOURCE VOLTAGE <V) 


Vos - GATE-SOURCE VOLTAGE (VI 


Transfer Characteristics 



0 -1.0 -2.0 -3.0 -4.0 

Vqs - GATE-SOURCE VOLTAGE <V) 


Common Drain-Source 
Characteristics 



Capacitance vs 
Voltage 


= 

_ 


S 



_ 

— 

— 

— 

— 


■■■ 



■■il 























■ 

B 

1 

a 

IB 

3E 





1 

1 

! 

I 

i 

! 


— 



2 

s 


s 



2 

=: 

I 



1 




























0 -4.0 -8.0 -12 -16 -20 


Transconductance 



0.01 0.1 1.0 


Vqs - GATE-SOURCE VOLTAGE (V) 


Ip - DRAIN CURRENT (mA) 


Process 53 


Transfer Characteristics 



-0.2 -0.6 -1 -1.4 -1.8 


Vqs - GATE-SOURCE VOLTAGE (V) 


Transfer Characteristics 



Output Conductance 
vs Drain Current 



Noise Voltage vs 
Frequency 



0.01 0.03 0.1 0.51.0 2.0 10 50 100 


f-FREQUENCY (kHi) 

TL/G/10035-11 
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Nahonal 

Semiconductor 


Process 55 
N-Channel JFET 




DESCRIPTION 

Process 55 is a general purpose low level audio amplifier 
and switching transistor. Wafer processing is similar to pro¬ 
cess 52 but process 55 uses a larger geometry. This results 
in higher Yfs, Ipss. and capacitance and lower Rds(ON)- It is 
useful for audio and video frequency amplifiers and RF am¬ 
plifiers under 50 MHz. It may also be used for analog switch¬ 
ing applications. 


Gate is also backside contact 


Electrical Characteristics (Ta 


Symbol 


Parameter 


BVgsS 

Gate-Source Breakdown 

Vds = OV, Ig = -i j^A 


Voltage 




Zero Gate Voltage 
Drain Current _ 

Forward T ransconductance 


Forward Transconductance 


Reverse Gate Leakage 


ON Resistance _ 

Pinch Off Voltage 


Input Capacitance 


Vds = 20V, Vgs = OV 
Vds = 20V,Vgs = 0V 


Vdg = 15V, Id = 200juiA 


Vgs= -30V,Vds = 0V 


Vps = 100 mV, Vgs = 0 _ 

Vds = 20V, Id = 1 nA 


Vdg = 15V, Vgs = ov,f = 1 mhz 


Vds = 15V, Vgs = ov, f = 1 MHz 



g 

os 

Output Conductance 

Vdg = 15V, Id = 200jutA 


2 



s 

e 

n 

Noise Voltage 

Vdg = 15V, Id = 200 J^A, f = 100 Hz 


10 


nV/^/Hz 


This process is available in the following device types. * Denotes preferred parts. 


TO-72 (NS Package 25) 

2N3821 2N4221A 

2N3822 2N4222 

2N3824 2N4222A 

2N3967 *2N5358 

2N3967A *2N5359 

2N3968 *2N5360 

2N3968A *2N5361 

2N3969 *2N5362 

2N3969A *2N5363 

2N4220 *2N5364 

2N4220A 
2N4221 

Source and drain interchangeable. 


TO-92 (NS Package 92) 

*2N5457 

♦2N5458 

♦2N5459 

MPF103 

MPF104 

MPF105 

MPF108 

MPF109 

MPF112 

PN4220 

PN4221 

PN4222 


TO-236/SOT23 
(NS Package 48/49) 

MMBF5457 

MMBF5458 

MMBF5459 
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- NOISE VOITAGE imVt^) u, - OUTPUT CONDUCTANCE {natmi) lb - TBANSCONOUCTANCE iminhos) - DRAIN CURRENT (mA) 
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DRAIN<ON RESBTANCE (hU) 





















National 

Semiconductor 


Process 58 
N-Channel JFET 



DESCRIPTION 

Process 58 was developed for analog or digital switching 
applications where very low rpspN) is mandatory. Switching 
times are very fast and rpspN) Cjss time constant is low. 
The 6n typical ON resistance is very useful in precision 
multiplex systems where switch resistance must be held to 
an absolute minimum. With rps increasing only 0.7%/“C, 
accuracy is retained over a wide temperature excursion. 


Gate is also backside contact 

Electrical Characteristics (Ta = 25 °c) 


Symbol Parameter 


BVqss Gate-Source Breakdown 
Voltage 


loss Zero Gate Voltage 

Drain Current 

•gss Reverse Gate Leakage 



Conditions 

Vds = OV, Ig = -1 /aA 

Vds = 5V,Vgs = 0V 
Pulse Test 

Vgs= -15V.Vds = 0V _ 

Vds ” 100 iTiV, Vgs ~ ov 

Vds = 5V, Id = 3_nA_ 

VdS = 5V,Vgs= -10V _ 

Vdg = 15V, Id = 2 mA, f = 1 MHz 
I Vdg = 15V, Id = 2 mA, f = 1 MHz 


Input Capacitance | Vdg = 15V, Id = 2 mA, 

Forward Transconductance | Vdg = 10V, Id = 2 mA 


r 

DS(ON) 

ON Resistance 

\ 

/gS(OFF) 

Pinch Off Voltage 

I 

D(OFF) 

Drain OFF Current 

( 

^rss 

Feedback Capacitance 


gps _ Output Conductance _ VpG = 10V. Ip = 2 mA _ 

_en_ Noise Voltage _ VpG = 15V, Ip = 2 mA, f = 100 Hz _ 

This process is available In the following device types. * Denotes preferred parts. 

TO-52 (NS Package 07) TO-92 (NS Package 92) 

♦2N5432 *J108 

*2N5433 *J109 

*2N5434 *J110 

PN6432 

PN5433 

PN5434 


Min 

Typ 

Max 

Units 

-25 

-30 


V 

100 

400 

1000 

mA 


-50 

-500 

pA 

3.0 

6.0 

20 

(1 

-0.5 

-5.0 

-12 

V 


0.05 

20 

nA 


12 

25 

PF 


25 

50 

PF 


10 


mmhos 


100 


jamhos 


6.0 


nV/>/Hz 
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Process 58 


Common Drain-Source 
Characteristics 



0 0.4 0.1 1.2 1.0 2.0 

Vos - DRAIN-SOURCE VOLTAGE (V) 


Common Drain-Source 
Characteristics 



0 1.0 2.0 3.0 4.0 5.0 

Vos - DRAIN-SOURCE VOLTAGE (V) 


Output Conductance vs 
Drain Current 



lo ~ DRAIN CURRENT (inA) 


Capacitance vs Voitage 



Process 58 



VottOfF) - OATE CUTOFF VOLTAGE (V) 


Normaiized Drain 
Resistance vs Bias 



Vqs/VqsioffiI - NORMALIZED GATE 
TD-SOURCE VOLTAGE (V> 


Transconductance vs 
Drain Current 



Switching Turn-On vs 
Gate-Source Voitage 


VoSIOFF) • “12V 
Ta»+25’C 



0 -2.0 -4.0 -8.0 -8.0 -10 

Vqsioffi “ GATE-SOURCE CUTOFF VOLTAGE (V) 



1.0 10 100 


Id-DRAINCURRENT( mA) 

Leakage Current vs 



Noise Voitage vs 



0.01 0.03 0.1 0.51.02.0 10 100 

f - FREQUENCY (kHz) 


Switching Turn-On 
Time vs Drain Current 



■I 

■I 

■i 

■I 

■ 

■1 

■ 

■ 

■I 

■I 

■ 
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M 





■1 

■1 

■ 

■ 
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■I 
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MiK 
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m 

■ 

■ 

8 

■■ 
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s 
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0 5.0 10 IS 20 25 

Id - DRAIN CURRENT (mA| 
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National 

Semiconductor 


Process 59 
N-Channel JFET 




Gate is also backside contact 


TL/G/10035-60 


DESCRIPTION 

Process 59 is provided for analog or digital switching appli¬ 
cations where very low Rds(ON) is mandatory. The 4n typi¬ 
cal ON resistance is very useful where switch resistance 
must be held to an absolute minimum. 


Electrical Characteristics (Ta = 25 °c) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVgsS 

Gate-Source Breakdown 
Voltage 

VdS = OV. Ig = -1 /xA 

25 



V 


Zero Gate Voltage 

Drain Current 





mA 


Reverse Gate Leakage 

Vgs= -15V,Vds = 0V 



1.0 

nA 

rDStON) 

ON Resistance 

Vds = lOOmV.VGS = OV 

1.5 

4.0 

10 

n 


Pinch Off Voltage 

Vds = 5V, Id = 100 nA 

0.5 

5.0 

10 

V 

lD(OFh 

Drain OFF Current 

Vds = 5V.Vgs= -10 V 


1.0 

10 

nA 

Crss 

Feedback Capacitance 

Vdg = 15V. Id = 2 mA, f = 1 MHz 


25 

35 

PF 

^iss 

Input Capacitance 

Vdg = 15V, Id = 2 mA, f = 1 MHz 


50 

80 

PF 

Ofs 

Forward Transconductance 

Vdg = 10V, Id = 2 mA 


10 


mmho 

9os 

Output Conductance 

Vdg = 10V, Id = 2 mA 


200 


jamho 

en 

Noise Voltage 

Vdg = 15V, Id = 2 mA, f = 100 Hz 


6.0 


nV/VRz 


This process is available in the following device types. 

TO-92 (NS Package 92) 

J105 

J106 

J107 



11-167 


Process 59 





















































Process 83 


^National 
Jta Semiconductor 



Process 83 
N-Channel Monolithic Dual JFET 


DESCRIPTION 

Process 83 is a monolithic dual JFET with a diode isolated 
substrate. It is intended for operational amplifier input buffer 
applications. Processing results in low input bias current and 
virtually unmeasurable offset current. Likewise matching 
characteristics are virtually independent of operating current 
and voltage, providing design flexibility. Most GP 2N types 
are sorted from this family. 


TL/G/10035-16 


Electrical Characteristics (Ta = 25 °c) 


Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


BVqsS 


Gate-Source Breakdown 
Voltage 


Vds = 0V,Ig= -va 


-50 


-70 


loss 


Zero Gate Voltage 
Drain Current 


Vds= 15V,Vgs = 0V 


0.5 


2.5 


8.0 


mA 


Qfs 


Forward Transconductance 


Vds = 15V.Vgs = 0V 


1.0 


2.5 


5.0 


mmho 


VgS(OFF) 


Pinch Off Voltage 


Vds = 15V, Id = InA 


-0.5 


- 2.0 


-4.5 


Ig 


Gate Current 


Vdg = 20V, Id = 0.2 mA 


3.0 


50 


pA 


9fs 


Forward Transconductance 


Vdg = 15V, Id = 0.2 mA 


600 


850 


juimhos 


9os 


Output Conductance 


Vdg = 15V, Id = 0.2 mA 


1.0 


5.0 


jLimhos 


''DS(ON) 


ON Resistance 


Vds = 100 mV, Vgs = ov 


450 


n 


Noise Voltage 


Vdg = 15V, Id = 0.2 mA, f = lOO Hz 


10 


50 


nV/^Hz 


|Vgsi-VGS 2I 


Differential Match 


Vdg = 15V, Id = 0.2 mA 


7.0 


25 


mV 


AVgsi“Vgs2 


Differential Match Drift 


Vdg = 15V, Id = 0.2 mA 


10 


50 


ixwrc 


CMRR 


Common-Mode Rejection 


Vdg = 15V. Id = 0.2 mA 


80 


95 


dB 


Feedback Capacitance 


Vdg = 15V, Id = 0.2 mA, f = 1 MHz 


1.0 


1.2 


PF 


Qs 


Input Capacitance 


Vdg = 15V, Id = 0.2 mA, f = 1 MHz 


3.4 


4.0 


pF 
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Process 83 


This process is available in the following device types. * Denotes preferred parts. 


TO-71 (NS Package 12) 


'2N3954 

*2N5196 

U231 

‘2N3954A 

*2N5197 

U232 

'2N3955 

*2N5198 

U233 

'2N3955A 

♦2N5199 

U234 

‘2N3956 

2N5452 

U235 

‘2N3957 

2N5453 


'2N3958 

2N5454 


2N5045 

*2N5545 


2N5046 

*2N5546 


2N5047 

♦2N5547 



8-Pin MiniDIP (NS Package 60) 


8-Pin MiniDIP (NS Package 67) 


J410 

Pin 

60 

♦NPD8301 

Pin 

67 

J411 

1 

NC 

♦NPD8302 

1 

SI 

J412 

2 

SI 

*NPD8303 

2 

D1 


3 

D1 

*NPD8304 

3 

NC 


4 

G1 


4 

G1 


5 

S2 


5 

S2 


6 

D2 


6 

D2 


7 

G2 


7 

NC 


8 

NC 


8 

G2 


Note: SO-8 to be announced. 



0.01 0.1 1.0 
lo -drain current (mA) 



TL/G/10035-18 


0.1 

Id - DRAIN CURRENT (mA) 


TL/G/10035-19 


Process 83 











- NOISE VOLTAGE (nV/v’lto) ft» “ OUTPUT CONDUCTANCE »os - DRAIN ‘ON" RESISTANCE (liS2) 
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ros - DRAIN “ON*' RESISTANCE (kSi) 








































National 

Semiconductor 


Process 84 
N-Channel Monolithic Dual JFET 


DESCRIPTION 

Process 84 is a monolithic dual JFET with a diode isolated 
substrate. It is designed for the most critical operational am¬ 
plifier input stages or electrometer single ended preamp. 
Ideal for medical applications and instrumentation inputs 
where sub-picoamp inputs are important. Device design 
considered high CMRR, sub-picoamp leakage over wide in¬ 
put swings, low capacitance, and tight match over wide cur¬ 
rent range. 


TL/G/10035-20 


Electrical Characteristics (Ta = 25 °c) 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVqss 

Gate-Source Breakdown 

Voltage 

Vds = 0V.Ig= -^flA 

-40 



V 


Drain Saturation Current 

Vds = 15V,Vgs = 0V 

H^li 

■B 

10^31 

fxA 

HBIIIIH 

Forward Transconductance 

Vds = 15V,Vgs = 0V 

KB 

mm 

9^1 

ju,mhos 

Qfs 

Forward Transconductance 

Vds = 15V, Id = 30 jLtA 



150 

/jtmhos 

VgS(OFF) 

Gate Cutoff Voltage 

Vds = 15V, Id = 1 nA 


2 

4.5 

V 

loss 

Reverse Gate Leakage Current 

Vds = 0V.Vgs= -20V 


1 

5 

pA 

•g 

Gate Leakage Current 

Vdg = 10V, Id = 30 jLiA 




pA 

Crss 

Feedback Capacitance 

Vds = 15V. Vgs = ov, f = 1 MHz 


0.3 

0.4 

pF 

Ciss 

input Capacitance 

Vds = 15V, Vgs = ov, f = i mhz 


2 

3 

pF 

®n 

Noise Voltage 

Vds = 15V, Id = 30 jhA, f = 1 kHz 


30 


nV/VFE 

®n 

Noise Voltage 

Vds = 15V. Id = 30 jaA, f = 10 Hz 


IBSi 


nW/^lHz 

9os 

Output Conductance 

Vds = 10V. Id = 30 fiA 


IQQII 

0.1 


|VgS1“VgS2I 

Differential Gate-Source 

Voltage 

Vds = 10V, Id = 30 juA 


12 

25 

mV 

AVgsi-VgS2 

Differential Gate-Source 

Voltage Drift 

Vds = 10V. Id = 30 fxA 


D 



CMRR 

Common-Mode Rejection 

Ratio 

Vds = 10V, Id = 30 ^A 


19 

■1 



This process is available in the following device types. * Denotes preferred parts. 
TO-78 (NS Package 24) 

2N5902 *2N5906 

2N5903 *2N5907 

2N5904 *2N5908 

2N5905 *2N5909 




11-171 


Process 84 




























































AiVcsi - Vca I - DIFFEREIITIAL 

GATE-SOURCE VOLTAGE (mV) t„ - NOISE VOLTAGE (nV/vfii) Ik - TRANSCONOUCTAIUCE (o - DRAIN CURRENT (/iA) 
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-TRANSCONOUCTANCE 0<mhos) 
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Process 88 



National 

Semiconductor 


Process 88 
P-Channel JFET 


DESCRIPTION 

Process 88 is designed primarily for electronic switching ap¬ 
plications where a P channel device is desirable. Inherent 
zero offset voltage, low leakage and low rpspN) Cjss tifne 
constant make this device excellent for low level analog 
switching, sample and hold circuits and chopper stabilized 
amplifiers. This device is the complement to Process 51. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVgsS 

Gate-Source Breakdown 
Voltage 

Vds = OV, Ig = 1 fi-A 

30 

40 


V 

loss 

Zero Gate Voltage 

Drain Current 

Vds= -15V,Vgs = 0V 

-5.0 

-30 

-90 

mA 

9fs 

Forward Transconductance 

Vds= -15V,Vgs = 0V 

4.0 

13 

17 

mmhos 

gfs 

Forward Transconductance 

Vdg = -15V, Id = -2 mA 


3.5 


mmhos 

Iqss 

Gate Leakage 

Vgs = 20V,Vds = 0V 




nA 

rDSfON) 

ON Resistance 

Vds = 100 mV, Vgs = OV 

50 

80 


n 


Pinch Off Voltage 

Vds= -15V, Id = -InA 

0.5 

5.0 


V 

Id(off) 

Drain OFF Current 

Vds= -15V, Vgs = lov 




nA 

Crss 

Feedback Capacitance 

Vdg = -15V, Id = -2 mA, f = 1 MHz 


4.0 


PF 

Cjss 

Input Capacitance 

Vds = -15V, Id = -2 mA, f = 1 MHz 


14 


PF 

9os 

Output Conductance 

Vdg = -15V, Id = -2 mA 


100 

300 

jLimhos 

®n 

Noise Voltage 



20 


nV/,/Hi 


This process is available in the following device types. *Denotes preferred parts. 


TO-18 (NS Package 11) 

TO-92 (NS Package 92) 

TO-92 (NS Package 94) 

TO-236/SOT23 

2N2609 

*P1086 

*J174 

(NS Package 48/49) 

2N5018 

♦P1087 

*J175 

MMBFJ174 

2N5019 


♦J176 

MMBFJ175 

*2N5114 


*J177 

MMBFJ176 

♦2N5115 


*J270 

MMBFJ177 

*2N5116 


♦J271 



Source and drain interchangeable. 



TL/G/10035-25 


Gate is also backside contact 


Electrical Characteristics (Ta = 25 °c) 
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Process 88 


Transfer Characteristics 



0 1.0 2.0 3.0 4.0 

Vqs - GATE SOURCE VOLTAGE <V) 


Parameter interactions 



Vg8(o»=h - gate cutoff VOLTAGE (V) 


Common Drain-Source 
Characteristics 



0 -1.0 -2.0 -3.0 -4.0 -5.0 

Vos - DRAIN-SOURCE VOLTAGE (V) 



Channei Resistance vs 
Temperature 



-75 -25 +25 +75 +125 +176 

Ta - AMBIENT TEMPERATURE 1C) 


Output Conductance vs 
Drain Current 



-0.01 -0.1 -1.0 -10 

Id - DRAIN CURRENT <mA) 


Transconductance vs 
Drain Current 



lo - drain CURRENT (mA) 


Noise Voitage vs 
Frequency 



f - FREQUENCY (kHt) 


100 

% SO 
u 

!.. 

U 

5.0 


Capacitance vs Voitage 


1-0.1 -1.0MHI 


= C8(Vo«--15V)-J 


:C,.<V|»--16V): 


4.0 8.0 12 10 20 

Vqs - GATE SOURCE VOLTAGE (V) 


Normaiized Drain 
Resistance vs 
Bias Voitage 



'Vos/Vosk)Ffi - NORMALIZED GATE- 
TO SOURCE VOLTAGE (V) 


TL/G/10035-26 
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Process 89 



National 

Semiconductor 


Process 89 
P-Channel JFET 



DESCRIPTION 

Process 89 is designed primarily for low level amplifier appli¬ 
cations. This device is the complement to Process 52. Com¬ 
monly used in voltage variable resistor applications. 


Electrical Characteristics (Ta = 25 °c) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVqss 

Gate-Source Breakdown 
Voltage 

Vds = OV, Iq = 1 jaA 

20 

40 


V 

•dss 

Zero Gate Voltage 

Drain Current 

Vds= -15V,Vgs = 0V 

-0.3 



mA 

Qfs 

Forward Transconductance 

Vds= -15V,Vgs = 0V 

1.0 

[iQm 


mmhos 

9fs 

Forward Transconductance 

Vdg = -15V,Id= -0.2 mA 


700 


jutmhos 

Iqss 

Gate Leakage 

Vgs = 20V,Vds==0V 


0.02 

1.0 

nA 

VgS(OFF) 

Pinch Off Voltage 

Vds= -15V, Id = -1nA 

0.5 

3.0 


V 

Crss 

Feedback Capacitance 

Vdg = -15V, Vgs = OV, f = 1 MHz 


2.0 

2.5 

pF 

Cis 

input Capacitance 

Vds = -15V, Id = -2 mA, f = 1 MHz 


7.0 


PF 

rDS(ON) 

ON Resistance 

Vds = -100 mV, Vgs = OV 


450 


n 

9os 

Output Conductance 

Vdg = ^15V, Id =-0.2 mA 


5.0 


jiimhos 

©n 

Noise Voltage 

Vdg = -15V, Id = -0.2mA,f = 100 Hz 


30 


nV/jHi 


This process is available in the following device types. * Denotes preferred parts. 


TO-18(NS Package 11) 

TO-72 (NS Package 23) 

TO-92 (NS Package 92) 

TO-92 (NS Package 94) 

2N2608 

2N3329 

*2N5460 

2N3820 

2N4381 

2N3330 

*2N5461 

TO-236/SOT23 

2N5020 

2N3331 

*2N5462 

(NS Package 48/49) 

2N5021 

2N3332 

PN4342 

MMBF5460 



PN4360 

MMBF5461 



PN5033 

MMBF5462 


Source and drain interchangeable. 
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Process 89 



Common Drain-Source 
Characteristics 



e 
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1 

S 

3 

a 

1 

S 

1 

HIM 


0 -1.0 -2.0 -3.0 -4.0 -6.0 

Vos - DRAIN-SOURCE VOLTAGE (V) 


Transfer Characteristics 



0 1.0 2.0 3.0 4.0 

Voi - GATE-SOURCE VOLTAGE (V) 


Leakage Current vs 



0 -0.0 -12 -18 -24 -30 


Voa - DRAIN-GATE VOLTAGE (V) 


Channei Resistance vs 


Temperature 



-75 -25 25 76 126 176 


Ta - AMBIENT TEMPERATURE (°C) 


Output Conductance vs Transconductance vs 

Drain Current Drain Current 



Noise Voitage vs 
Frequency 



f - FREQUENCY (kHz) 


Capacitance vs Voltage 



0 4.0 8.0 12 16 20 

Vqs - GATE-SOURCE VOLTAGE (V) 


TL/G/10035-28 


11 
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Process 90 



National 

Semiconductor 


Process 90 
N-Channel JFET 


DESCRIPTION 

Process 90 is designed for VHF/UHF mixer/amplifier and 
applications where Process 50 is not adequate. Has suffi¬ 
cient gain and low noise, common gate configuration at 
450 MHz, for sensitive receivers. The high transconduct¬ 
ance and square law characteristics insures low crossmodu¬ 
lation and Intermodulation distortions. Common-gate opera¬ 
tion simplifies circuitry. Consider Process 92 for even higher 
performance. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVqss 

Gate-Source Breakdown 
Voltage 

Vds = ov,Ig= -1 jaA 

-20 

-30 


V 

loss 

Zero Gate Voltage 

Drain Current 

Vds = 10V,Vgs = 0V 

3 

18 

40 

mA 

Qfs 

Forward Transconductance 

Vds = 10V,Vgs = 0V 

5.5 

8.0 

10 

mmhos 

9fs 

Forward Transconductance 

Vds = 10V, Id = 5 mA 

4.5 

5.8 


mmhos 

Iqss 

Reverse Gate Current 

Vgs= -15V.Vds = 0V 


-5.0 


pA 

rDS(ON) 

ON Resistance 

Vds = 100 mV, Vgs ~ ov 




a 

VgS(OFF) 

Pinch Off Voltage 

Vds ~ 10V, Id = 1 nA 



-6.0 

V 

9os 

Output Conductance 

Vdg = 10V, Id = 5 mA 


45 

100 

jutmhos 

Crs 

Feedback Capacitance 

Vdg = 10V, Id = 5 mA 


1.0 

1.2 

PF 

Qs 

Input Capacitance 

Vdg = 10V, Id = 5 mA 


4.0 

5.0 

PF 

®n 

Noise Voltage 

Vdg = 10V, Id = 5 mA, f = 100 Hz 


13 


nV/M 

NF 

Noise Figure 

Vdg = 10V, Id = 5 mA, f = 450 MHz 


3.0 


dB 

Gpg(CG) 

Power Gain 

Vdg = 10V, Id = 5 mA, f = 450 MHz 


11 


dB 


This process is available in the following device types. * Denotes preferred parts. 

TO-72 (NS Package 29) TO-92 (NS Package 92) TO-92 (NS Package 97) 

*2N5397 J114 ♦2N5245 

♦2N5398 *J210 *2N5246 

*J211 *2N5247 

*J212 
*J300 
MPF256 



TL/G/10035-59 


Gate is also backside contact 

Electrical Characteristics (Ta = 25 °c) 
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Process 90 


Common Drain-Source 
Characteristics 



0 1.0 2.0 3.0 4.0 5.0 

Vds - DRAIN-SOURCE VOLTAGE (V) 


Parameter Interactions 



-0.1 -1.0 -5.0 -10 

Vqswffi - gate cutoff VOLTAGE (V) 


Transconductance vs 
Drain Current 



Id-DRAIN CURRENT (mA) 

TL/G/10035-29 


Transfer Characteristics 



0 -1.0 -2.0 -3.0 -4.0 -5.0 

Vgs - GATE-SOURCE VOLTAGE (V) 



Noise Voltage vs 
Frequency 



0.01 0.03 0.1 0.51.02.0 10 50100 

f-FREQUENCY (kHz) 


Capacitance vs Voltage 



Output Conductance vs 
Drain Current 



Id - DRAIN CURRENT (niA) 

TL/G/10035-30 
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Process 90 

COMMON SOURCE COMMON GATE 


Input Admittance 



100 500 1000 

f-FREQUENCY (MHt) 


TL/G/10035-31 



100 500 1000 


f - FREQUENCY (MHz) 

TL/Q/10035-32 



f - FREQUENCY (MHz) 

TL/G/10035-33 


I 

< 

H- 

3 

I 

O 

1 

J 


K 

I 

< 

£ 

z 

< 

ec 

i 

> 

OC 

J 


Output Admittance 



100 500 1000 

f - FREQUENCY (MHz) 

TL/G/10035-35 


Reverse Transadmittance 



100 500 1000 


f - FREQUENCY (MHz) 


TL/G/10035-37 



i 1 - FREQUENCY (MHz) 


TL/G/10035-34 

Output Admittance 



100 500 1000 


f - FREQUENCY (MHz) 

TL/G/10035-36 

Reverse Transadmittance 



100 500 1000 


f - FREQUENCY (MHz) 

TL/G/10035-38 
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National 

Semiconductor 


Process 92 
N-Channel JFET 



DESCRIPTION 

Process 92 is designed for VHF/UHF amplifier, oscillator, 
and mixer applications. As a common gate amplifier, 16 dB 
at 100 MHz and 12 dB at 450 MHz can be realized. Worst 
case 75n input impedance provides ideal input match. 


Gate is also backside contact 


Electrical Characteristics (Ta 


Symbol Parameter 

BVqss Gate-Source Breakdown 

_ Voltage 

loss Zero Gate Voltage 

Drain Current 


Vgs(OFF) 


_ Conditions 

Vds = OV, Iq = -1 fJtA 

Vds ~ 10V, Vqs “ OV, Pulsed 



Pinch Off Voltage 
Output Conductance 


Feedback Capacitance 


Input Capacitance 
Noise Voltage 


Power Gain 


Min Typ 

-20 -30 


Max Units 

V 


dfs 

Forward Transconductance 

Vps = 10V, Vgs = OV, Pulsed 


19 


mmhos 

9fs 

Forward Transconductance 

VpG “ 10V, Ip = 10 mA 

10 

13 

18 

mmhos 


Reverse Gate Current 

Vgs= -15V,Vps = 0V 


-15 

-100 

pA 


Vps = 100mV,VGS = OV _ 

Vqs = 10V, Ip = 1 nA 
VpG = 10V, Ip = 10 mA 


VpG = 10V, Ip = 10 mA, f = 1 MHz 


VpG = 10V, Ip = 10 mA, f = 1 MHz 
VpG = 10V, Ip = 10mA,f = 100 Hz 


VpG = 10V, Ip = 10 mA, f = 450 MHz 



This process is available in the following device types. * Denotes preferred parts. 

TO-52 (NS Package 07) TO-92 (NS Package 92) TO-236/SOT23 (NS Package 48/49) 

U308 J308 MMBFJ309 

•U309 *J309 MMBFJ310 

*U310 *J310 
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Process 92 

Transfer Characteristics 

Transfer Characteristics 

Input Admittance 


Im 


i^i 


BSISaiBSBSSSSl 


Vas - GATE-SOURCE VOLTAGE (V) 

Transfer Characteristics 


Vgs - GATE-SOURCE VOLTAGE <V) 

Transfer Characteristics 


f-FREQUENCY (MHi) 


Forward Transadmittance 


IL^I 


IBII 


■■■■■III 


Vqs - GATE-SOURCE VOLTAGE (V) 

Vgs - GATE-SOURCE VOLTAGE (VI 

f - FREQUENCY (MHz) 

Common Drain-Source 
Characteristics 

Output Conductance vs 

Drain Current 

Output Admittance 


MffSisms 

ras' 


0 1.0 2.0 3.0 4.0 S.0 

Vos - DRAIN-SOURCE VOLTAGE (V) 


Capacitance vs Voitage 


_iiiiiia 

■■lllllll 


mmiiHK 
l!|ij!l|p:i!i 




0.1 1.0 10 
Id - DRAIN CURRENT <niA) 

Noise Voitage vs 
Frequency 



500 1000 

f - FREQUENCY (MHz) 


Reverse Transadmittance 








-2 -4 -6 -8 -10 

Vqs - GATE-SOURCE VOLTAGE (V) 


0.01 0.03 0.1 0.5 2.0 10 50 100 

(-FREQUENCY (kHz) 


500 1000 

f - FREQUENCY (MHz) 
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5 - DRAIN SATURATION CURRENT (mA) 
g,. - TRANSCONDUCTANCE (mnihos) 


Process 92 


Transconductance vs Leakage Current vs 

Parameter Interactions Drain Current Voltage 



TL/G/10035-40 
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Process 93 


National 

Semiconductor 


Process 93 
N-Channel Monolithic Dual JFET 



DESCRIPTION 

Process 93 is a monolithic dual JFET with a diode isolated 
substrate. It is intended for wide band, low noise, single 
ended video amplifier input stages, and high slew rate op 
amps. Monolithic structure eliminates thermal transient er¬ 
rors, and provides freedom to pick operating current and 
voltage. 


TL/G/10035-42 


Electrical Characteristics (Ta ^ 

Symbol I Parameter I 


BVqss 


Conditions 



Gate-Source Breakdown 
Voltage 

Vps = OV, Ig = -1 m<a 

-25 

Zero Gate Voltage 

Drain Current 

Vds = 10V, Vgs = OV, Pulsed 

3.0 

Forward Transconductance 

; Vds = 10V, Vgs = OV, Pulsed 


Forward Transconductance 

VpG “ 10V, Id = 5 mA 

5.0 

Output Conductance 

Vdg = 10V, Id = 5 mA 


Pinch Off Voltage 

Vds = 10V, Id = 1 nA 

-1.5 


ON Resistance 


Gate Current 
Noise Voltage 


AVgs1“VgS2 

Differential Match Drift 

CMRR 

Common-Mode Rejection 


Vds = 100 mV, Vgs = OV 


VpG = 10V. Ip = 5 mA 
VpG = 10V, Id = 5 mA, f = 


VpG ~ 10V, Id = 5 mA 


VpG ~ 10V, Id — 5 mA 


lllllQllllllllll^^ 
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Process 93 


Parameter Interactions 



-1 -3 -6 -10 


Transconductance vs 
Drain Current 



0.1 1.0 ID 


Vos(OP=F) - gate cutoff voltage IV) 


Id - DRAIN CURRENT <mA) 


Transfer Characteristics 



0 -1 -2 -3 -4 -5 -6 

Vgs - GATE SOURCE VOLTAGE (V) 


Common Drain*Source 
Characteristics 



0 1.0 2.0 3.0 4.0 5.0 

Vos - DRAIN SOURCE VOLTAGE |V) 


Transfer Characteristics 



0 -1 -2 -3 -4 -5 -6 

Vgs -GATE^OURCE VOLTAGE (V) 


Leakage Current vs 
Voitage 



0 5.0 10 15 20 25 

VoG - DRAIN GATE VOLTAGE <V) 


Noise Voltage vs 
Frequency 



0.01 0.03 0.1 0.5 2.0 10 50 100 

f - FREQUENCY (kHz) 


Capacitance vs 
Voitage 



0 -4.0 -8.0 -12 -16 -20 
Vgs - GATE-SOURCE VOLTAGE |V) 


Transfer Characteristics 



0 -1 -2 -3 
Vgs - gate-source VOLTAGE (V) 


Transfer Characteristics 




VosiOFFi “ -3.2V I 










-2.5V 
-55* C 
25*0 
125*C 

1 

■ 



■ 

Hi 


t 



Hi 



iHi 


0 -1 -2 -3 
Vgs - GATE-SOURCE VOLTAGE |V) 


Output Conductance vs 
Drain Current 



0.1 1.0 10 

Id - DRAIN CURRENT (mA) 


Differentiai Offset 



0.1 1.0 10 


Id - drain current (mA) 


TL/G/10035-43 
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Process 93 


Differential Drift 



TL/G/10035-44 


Process 93 



0.1 1.0 10 
Id - DRAIN CURRENT (mA) 


TL/G/10035-45 
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National 

Semiconductor 


Process 94 
N-Channel Monolithic Dual JFET 



DESCRIPTION 

Process 94 is a monolithic dual JFET. It is strictly intended 
for operational amplifier input buffer applications. Special 
processing results in extremely low Input bias current and 
virtually unmeasurable offset current. It is important to note 
that the <5 pA bias current is measured at 35V. Typical 
CMRR Is 125 dB. Performance superior to electrometer 
tubes can be readily achieved with low offset voltage and 
almost zero long term drift. 


Electrical Characteristics (Ta - 25 °c) 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVqss 

Gate-Source Breakdown 
Voltage 

Vds = OV, Ig = -1 juiA 

-40 

-70 


V 

hss 

Zero Gate Voltage 

Drain Current 

Vds= 15V,Vgs = 0V 

0.5 

3.0 

10 

mA 


Forward Transconductance 

Vds= 15V.Vgs = 0V 

1.5 

IIQQIIIIf 

7.0 

mmho 


Forward Transconductance 

Vdg = 15V, Id = 0.2 mA 

0.7 

■Bi 

1.8 

mmhos 


Pinch Off Voltage 

Vds = 15V. Id = 1 nA 

-0.5 


-6.0 

V 

Iq 

Gate Current 

Vdg = 35V, Id = 0.20 mA 


2.0 

15 

pA 

Cfss 

Feedback Capacitance 

Vds = 15V, Vgs = ov. f = 1 mhz 




PF 

Cjss 

Input Capacitance 

Vds = 15V, Vgs = ov, f = 1 MHz 


4.0 

5.0 

PF 

®n 

Noise Voltage 

Vdg = 15V, Id = 0.2 mA, f = 10 Hz 


12 

50 

nV/VRz 

9os 

Output Conductance 

Vdg = 15V, Id = 0.2 mA 


< 0.1 


/xmhos 

|Vgsi-VgS2I 

Differential Match 

Vdg = 15V, Id = 0.2 mA 


5.0 

25 

mV 

AVgsi -VgS2 

Differential Match Drift 

Vdg = 15V, Id = 0.2 mA 


6.0 


juV/X 

CMRR 

Common-Mode Rejection 

Vdg = 15V, Id = 0.2 mA 


125 


dB 


This process is available in the following device types. * Denotes preferred parts. 


TO-71 (NS Package 12) 

■^NDF9406 

♦NDF9407 

♦NDF9408 

♦NDF9409 

*NDF9410 


Parameter Interactions 



VosiopFi - GATE-SOURCE VOLTAGE (V) 
TL/G/10035-47 


Common Drain-Source 
Characteristics 



Vos - DRAIN-SOURCE VOLTAGE (V) 

TL/G/10035-48 
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Process 94 


Process 94 


5.0 

1 

& 

^ 3.0 

ee 

a 

CJ 

i 2.0 

K 

a 

0 1.0 


Transfer Characteristics 


mm 

■ 

■1 

■ 

■1 

■mil 

aa 

■ 

■ 


■ 

Bail 

a 

a 

a 

a 

KK 

■ 

i 

s 

i 

1 

IBI 

mm 



■ 


m 


K 


1 



■■ 

1 

a 



iKS 

iS 


a 


imfl 

a 

ail 


i 

■ 

a 

i? 9 B 

a. 


0 -0.5 -1.0 -1.5 -2.0 -2.5 

Vgs - gate-source voltage (V) 


Leakage Current vs 
Voitage 



s 

1 


S 

o. 




Output Conductance vs 
Drain Current 



Transfer Characteristics 



0 -0.5 -1.0 -1.5 -2.0 -2.5 

Vgs - GATE-SOURCE VOLTAGE (V) 


Noise Voitage vs 
Frequency 



0.01 0.03 0.1 0.5 1 2.0 10 SO 100 

f - FREQUENCY (kHz) 


Transconductance vs 
Drain Current 



l.l - . * ■ « . . . . I 

0.01 0.1 1.0 10 


Id - DRAIN CURRENT (mA) 


Noise Voitage vs 
Current 



Capacitance vs 



0 -4.0 -8.0 -12 -to -20 

Vqs - GATE-SOURCE VOLTAGE (V) 


Differentiai Offset 



0.01 0.1 1.0 
Id - DRAIN CURRENT (mA) 


Differentiai Drift 



0.01 0.1 1.0 


Id - DRAIN CURRENT (mA) 


CMRR vs Drain Current 




- 

::!!!!9IBIIIIIII] 




KesaiEaiiii: 
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a 
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■■ 

a 
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ms 

1 
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w 
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rr 

III 

a 

■IIIIII 

CMRR = 20 log 

a 

IIIIII 

. 1 .1. iiimi .. 

_ 

■IIIIII 


0.01 0.1 1.0 
Id-DRAIN CURRENT (mA) 


TL/G/10035-49 
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National 

Semiconductor 


Process 95 
N-Channel Monolithic Dual JFET 



0.023 

(0.584) 


TL/G/10035-50 


DESCRIPTION 

Process 95 is a monolithic dual JFET with a diode isolated 
substrate. It is intended for operational amplifier input buffer 
applications. Processing results in low input bias current and 
virtually unmeasurable offset current. Low noise voltage and 
high CMRR for critical 1 /f applications. 


Electrical Characteristics (Ta = 2s°c) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVgsS 

Gate-Source Breakdown 
Voltage 

< 

o 

CO 

II 

o 

< 

cT 

II 

1 




n 

loss 

Zero Gate Voltage 

Drain Current 

Vds = 15V, Vgs = OV 

0.5 

3.0 

8.0 


gfs 

Forward Transconductance 

Vds = 15V, Vgs = ov 

1.0 

mm 

4.0 

mmhos 

Qfs 

Forward Transconductance 

Vdg = 15V, Id = 0.2 mA 

0.5 

mm 


mmhos 

•gss 

Gate Leakage 

Vgs = -20 V, Vds = ov 


im^Qi 

-100 

pA 

VgS(OFF) 

Pinch Off Voltage 

Vds = 15V, Id == 1 nA 

-0.5 

- 2.5 

-4.0 

V 

Ciss 

Input Capacitance 

Vds = 15V, Vgs = ov, f = i mhz 


10 

14 

PF 

®n 

Noise Voltage 

Vds = 15V, Id = 0.2 mA, f = 10 Hz 


8.0 

30 

nV/>/Rz 

®n 

Noise Voltage 

Vds = 15V, Id = 0.2 mA, f = 100 Hz 


6.0 

10 

nV/,/Hz 

9os 

Output Conductance 

Vdg = 15V, Id = 0.2 mA 


0.3 

1.0 

jumhos 

Crss 

Feedback Capacitance 

Vds = 15V, Vgs = ov, f = 1 MHz 


3.5 

5.0 

pF 

|VgS1-VgS2I 

Differential Match 

Vdg = 20V, Id = 0.2 mA 


6.0 

25 

mV 

AVgsi-Vgs2 

Differential Match Drift 

Vdg = 20V, Id = 0.2 mA 


9.0 

60 

jaV/“C 

CMRR 

Common-Mode Rejection 

Vdg = 20V, Id = 0.2 mA 

86 

115 


dB 


This process is available In the following device types. * Denotes preferred parts. 

TO-71 (NS Package 12) 


2N5515 

♦2N5622 

2N5516 

*2N5523 

2N5517 

*2N5524 

2N5518 

*2N6483 

2N5519 

*2N6484 

*2N5520 

♦2N6486 

*2N5521 
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DRAIN "ON" RESISTANCE (ku) 























(C„) - CAPACITANCE ipf) 


Process 95 


Capacitance vs Voltage 


l ranngiTrg =====l 




0 -4.0 -1.0 -12 -10 -20 

Vot - GATE SOURCE VOLTAGE (V) 


Differential Offset 


lo - DRAIN CURRENT ImA) 


Differential Offset 


T - Vdg ' 20V - 

2 -.lT-25 CTO+125“C- 

^ *-55 CTO *25 0 

I 1.0 1 — ~l _L_i 1 J J 111 1 I I I 

g 0.01 0.1 

^ Id-DRAIN CURRENT (mA) 


CMRR vs Drain Current 



, - DRAIN CURRENT (mA) 
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Process 96 



National 

Semiconductor 


Process 9G 
N-Channel Monolithic Dual JFET 



DESCRIPTION 

Process 96 is a monolithic dual JFET with a diode isolated 
substrate. It is intended for wide band, low noise, single 
ended video amplifier input stages. Also ideal for matched 
voltage variable resistor applications over 60 dB tracking 
range. 


Electrical Characteristics (Ta - 25 °c) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BVgsS 

Gate-Source Breakdown 
Voltage 

Vds = ov,Ig= -ij^A 

-40 

-55 


V 

loss 

Zero Gate Voltage 

Drain Current 

Vds= 15V,Vgs = 0V 

5.0 

15 

30 

mA 

9fs 

Forward Transconductance 

Vds= 15V,Vgs = 0V 

9.0 

18 

30 

mmhos 

9fs 

Forward Transconductance 

Vdg = 15V, Id = 2 mA 

7.5 



mmhos 

9os 

Output Conductance 

Vdg = 15V, Id = 2 mA 


15 

45 

/xmhos 

VgS(OFF) 

Pinch Off Voltage 

Vds = 15V. Id = 1 nA 

-0.5 

-1.8 

-3.0 

V 


ON Resistance 

Vds = 100 mV, Vgs = OV 


70 

120 

n 

Igss 

Gate Current 

Vgs= -20V.Vds = 0V 


-8.0 

-100 

pA 

Ig 

Gate Current 

Vdg = 15V, Id = 2 mA 



IQQII 

pA 

®n 

Noise Voltage 

Vdg = 15V, Id = 2 mA, f = 100 Hz 


4.5 

■■ 


Crs 

Feedback Capacitance 

Vdg = 15V, Id = 2 mA, f = 1 MHz 



3.0 

PF 

Cjs 

Input Capacitance 

Vdg = 15V, Id = 2 mA, f = 1 MHz 


10 

12 

PF 

|Vgsi-VgS2I 

Differential Voltage 

Vdg = 15V,lD = 2mA 


8.0 

25 

mV 

AVgsi-Vgs2 

Differential Voltage Drift 

Vdg = 15V, Id = 2 mA 



50 

iiwrc 

CMRR 

Common-Mode Rejection 

Vdg = 15V, Id = 2 mA 

76 



CL 

CD 


This process is available in the following device types. * Denotes preferred parts. 


TO-71 (NS Package 12) 

*2N5564 

*2N5565 

*2N5566 


8-Pin DIP (NS Package 67) 

♦NPD5564 

*NPD5565 

*NPD55e6 


Pin 

67 

1 

SI 

2 

D1 

3 

NC 

4 

G1 

5 

S2 

6 

D2 

7 

NC 

8 

G2 


Note: SO-8 to be announced. 
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Process 96 


Parameter Interactions 

Ik 



-1 -2 -8 -10 
Vatl0PP> - OATE cutoff VOLTAOE IV) 


Transconductance vs 
Drain Current 



Transfer Characteristics 



Vot - GATE-SOURCE VOLTAGE (V) 


Transfer Characteristics 



0 -0.5 -1 -1.6 -2 

Vqi - GATE SOURCE VOLTAGE IV) 


Transfer Characteristics 



0 -0.E -1 -1.5 

Vflg - GATE-SOURCE VOLTAGE IV) 


Transfer Characteristics 

Vm- 16V I VowoMi • -2.3V I 


I ^ !fcJL_L 4 ^ Ta » -56’C J__ 
>^__>^T*- 125 *C- 



0 -Q.s -1 -1.5 -2 

Vos - GATE SOURCE VOLTAGE |V) 


Noise Voltage vs 
Current 


3 

wa3»vcisz;;;!;!as5:;;;;!! 

■ 1 111 ■ t • 1 11 

■ III) 

Hi 

■lllllll■iBlllllil■i■■l nil 

■ 

!!■ 

a 

llllllll■o||U|nxl nil 


0.01 0.1 1.0 10 
lo- DRAIN CURRENT ImA) 


Noise Voltage vs 


Frequency 



Leakage Current vs 
Voltage 



Common Drain-Source 
Characteristics 


prgn 
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PI 

■1 

IW 
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fS 
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m 

i 


mm 
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a 

a 
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■■ 


1 

IB 










fd 

■ 


■■ 


■ 


5! 

MBlKmUi:! 

■1 

■ 


0 1.0 2.0 3.0 4.0 5.0 

Vo$ - DRAIN SOURCE VOLTAGE |V) 


Output Conductance vs 
Drain Current 



Capacitance vs Voltage 



0 -4.0 -1.0 -12 -18 -20 

Vqs - GATE SOURCE VOLTAGE IV) 

TL/G/10035-54 
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Process 96 


Process 96 



0.1 1.0 10 
Id - DRAIN CURRENT (mA) 


Differential Drift 




0.1 1.0 10 
Id - DRAIN CURRENT (mA) 

TL/G/10035-55 
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National 

Semiconductor 


Process 98 
N-Channel JFET 



DESCRIPTION 

Process 98 is a high gain, general purpose, monolithic dual 
JFET with a diode isolated substrate. It is intended for am¬ 
plifier input stages requiring high gain, low noise and low 
offset drift over temperature. Strict processing controls re¬ 
sult in low input bias currents and virtually immeasurable 
offset currents. Matching characteristics are essentially In¬ 
dependent of operating current and voltage. 


Electrical Characteristics (Ta = 25 °c) 


Symbol 

Parameter 

Conditions 





BVqss 

Gate-Source Breakdown 
Breakdown Voltage 

Vds = OV, Iq = — 1 jitA 


75 


V 

Iqss 

Gate Leakage 

Current 

Vgs = -30 V, Vds = ov 


2.0 

100 

pA 

VgS(OFF) 

Pinch-off Voltage 

Vds = 15V, Id = 1 nA 

0.5 

1.3 

3.0 

V 

•dss 

Zero Gate Voltage 

Drain Current 

Vds= 10V,Vgs = 0V 


1.8 

10 

mA 

gfs 

Forward Transconductance 

Vds = 10V, Vgs = ov 


mm 

7.0 

mmhos 

9os 

Output Conductance 

Vds= 10V,Vgs = 0V 


8.0 


jxmhos 

Qfs 

Forward Transconductance 

Vdg = 15V, Id = 200 /xA 

1.0 

1.4 

1.8 

mmhos 

9os 

Output Conductance 

Vdg = 15V, Id = 200 jaA 


1.3 

2.0 

jLtmhos 

|Vgsi-VgS 2I 

Differential 

Offset Voltage 

Vdg = 10 V, Id = 200 juA 



B 


Crss 


Vdg = 15V, Id = 200 juA, f = 1 MHz 


1.7 

kei 

PF 


Input Capacitance 

Vdg = 15V, Id = 200 nxA, f = 1 MHz 


6.0 

8.0 

PF 


Noise Voltage 

Vds = 15V, Id = 200 jmA, f = 10 Hz 



50 

nV/VFE 

CMRR 1 

Common-Mode Rejection Ratio 

Vdg = 5V - 10 V, Id = 200 ixA 

90 



dB 


This process is available in the following device types. * Denotes preferred parts. 


TO-71 (NS Package 12) 

8-Pln DIP (NS Package 60) 

Pin 

60 

2N5561 

U402 

J401 

1 

NC 

2N5562 

U403 

J402 

2 

SI 

2N5563 

U404 

J403 

3 

D1 

2N3921 

U405 

J404 

4 

5 

G1 

S2 

2N3922 

U406 

J405 

6 

D2 

U401 


J406 

7 

G2 




8 

NC 
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Process 98 


Forward Transconductance 


Parameter Interactions 



0.S 1.0 2.0 S.0 

VGS(OFF) - gate cutoff voltage <V) 

Transfer Characteristics 



0 -0.4 -0.8 -1.2 -1.8 

Vqs - GATE'SOURCE VOLTAGE (V) 



Id - grain current (mA) 

Transfer Characteristics 



0 -0.2S -0.6 -0.76 -1.0 -1.26 

VQg - GATE-SOURCE VOLTAGE (V) 


Gate Leakage Current 
vs Voitage 



VOG - ORAIN-GATE VOLTAGE (V| 

Output Conductance vs 
Drain Current 



0.01 0.1 1.0 
Id - DRAIN CURRENT M) 


Transconductance vs Gate 
source Voltage 



0 -0.6 -1.0 -1.5 -2.0 

Vqs - GATE-SOURCE VOLTAGE (V) 


Transcohductance vs Gate 
Source Voltage 



0 -0.2 -0.6 -1.0 -1.4 

Vqs GATE-SOURCE VOLTAGE (V) 


Noise Voltage vs 
Frequency 
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Hvds 



100 Ik 
I - FREQUENCY (Hz) 
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Differential Drift 


CMRR vs Drain Current 
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TL/G/10036-1 


Electrical Characteristics (Ta = 25-0 


Symbol 

Conditions 


BVceo 

Ic = 100 mA(Note 1) 


bVces 

Ic = 1 mA 


bvebo 

Ie = 1 mA 


•CES 

VcE = 50V 


•ebo 

CD 

II 

s 


hpE 

Ic = 20 mA, VcE = 1V 


hpE 

Ic = 300 mA, VcE = 1V 


hpE 

Ic = 4A,Vce= 1V 


VCE(SAT) 

Ic = 2A, Ib = 0.2A 


VbE(SAT) 

Ic = 2A, Ib = 0.2A 


ft 

VcE = 5V, Ic -= 0.5A 


Cob 

VcB = 10V 


C|B 

Veb = IV 


■■ 

Ic = 2A, VcE = 30V 

Ibi = ^Ba “ 0-2A 


Potmax) 

TO-220 

TO-202 

0 0 

£0 u> 

CM CM 

II II 


0 CM 
CM 0 
CM CM 

6 6 
OK K 

Tc = 25*0 

Tc = 25^*0 


0 CM 
CM 0 
CM CM 

6 6 
J'"'" 

0 0 

u> ur> 

CM CM 

II II 

.5^ 


Tj(max) 

All Plastic Parts 



Note 1: Pulsed measurement = 300 /its pulse width. 
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Process 4P 
NPN Planar Power 


DESCRIPTION 

Process 4P is a double-diffused silicon epitaxial planar de¬ 
vice. Complement to Process 5P. 

APPLICATION f 

This device was designed for power amplifier, regulator and 
switching circuits where speed is impoiiant. 
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CO 

CO 

0 ) 

o 

o 


Process 4P 
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Ta - AMBIENT TEMPERATURE (°C) 


Safe Operating Area 



1 10 100 
VcE - COLLECTOR-TO-EMinER VOLTAGE (V) 


Maximum Power 



Tc - CASE TEMPERATURE fC) 


TL/G/10036-3 


Thermai Response in TO>220 Package 
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Process 4Q 
NPN Planar Power 

DESCRIPTION 

Process 4Q is a double-diffused silicon epitaxial planar de¬ 
vice. Complement to Process 5Q. 

APPLICATION 

E 


• 'r:— 

0.1 

(2J 

1 0.026 


0.030 

(0.762) 

I 


E 


1 nis aevice was aesignea Tor pcjwer ampiiiier, regulator ana 
switching circuits where speed is important. 

96 

40) 

Jl_ 

Electr 

k. 


. 1 . ..... .J 

\ (0.660) 

, 

)-6 

0.020 

(0.508) 

ical Characteristics 

TL/G/ 

(Ta = 25« 

10036 

C) 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

BVceo 

Iq = 100 mA (Note 1) 

50 


120 

V 

BVceS 

Ic = 1 mA 

75 



V 

BVebO 

Ie = 1 mA 

5 

8 


V 

Ices 

VcE = 50V 



5 

ju,A 

•ebo 

< 

m 

CD 

CD 

< 



5 

juA 

hpE 

Ic = 30mA,VcE = 1V 

30 




hpE 

Ic = 0.5A, VcE = 1V 

40 


300 


hpE 

Ic = 8A, VcE = 1V 

10 





Ic = 4A, Ib = 0.4A 



0.5 

V 


Ic = 4A, Ib = 0.4A 



1.1 

V 

ft 

VcE = 5V, Ic = 0.5A 

50 




Cob 

VcB = 10V 


110 


PF 

C|B 

> 

II 

m 

ID 

> 


730 


PF 

H 


Ic = 5A, VcE = 30V 

Ibi = IB2 = 0.5A 


30 

500 

60 


n 

PD(max) 

TO-220 

Tc = 25“C 

60 



W 

^JC 

TO-220 

Tc = 25“C 



2.08 

“C/W 

^JA 

TO-220 

Ta = 25*0 



62.5 

“C/W 

Tj(max) 

All Plastic Parts 

150 



“C 

Note 1: Pulsed measurement = 300 fis pulse width. 
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Process 4 Q 


This process is available in the following device types. 


TO-220(NS Package 57) 

D44H1 

D44H2 

D44H4 

D44H5 

D44H7 

D44H8 

D44H10 

D44H11 


@lc(A) 


Typical Pulsed Current Gain 
vs Collector Current 
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Collector-Emitter Saturation 
Voltage vs Collector Current 
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Process 5P 



National 

Semiconductor 


Process 5P 
PNP Planar Power 


0.060 



0.011 

^ (0.279) 

TL/G/10036-9 

Electrical Characteristics (Ta = 2 s°c) 


DESCRIPTION 

Process 5P is a double diffused silicon epitaxial planar de¬ 
vice. Complement to Process 4P. 

APPLICATION 

This device was designed for power amplifier, regulator and 
switching circuits where speed is important. 


Symbol 

Conditions 

Min 

Typ 

Max 


bvceo 

Ic = 100 mA (Note 1) 

50 


120 

V 

BVceS 

Ic = 1 mA 




V 

BVebo 

Ie = 1 mA 

5 

8 


V 

•CES 

VcE = 50V 



5 

jutA 

•ebo 

> 

in 

II 

CD 

LU 

> 



5 

jaA 

hpE 

VcE = 5V, Ic = 20 mA 

30 




hpE 

VcE = 5V, Ic = 0.5A 

50 

80 

200 


hpE 

VcE = 5V, Ic = 5A(Note1) 

10 




VcE(SAT) 

Ic = 3A, Ib = 0.3A 


0.35 

1 

V 


Ic = 3A, Ib = 0.3A 


1.1 


V 

■■■■ 

VcE = 5V, Ic = 0.5A 

40 



MHz 

Cob 

VcB = 10V 


75 


PF 

C|B 

> 

II 

CD 

Ui 

> 


400 


PF 




60 

500 

50 


ns 

ns 

ns 

PD(max) 

TO-220 

TO-202 

Tc = 25*^0 

Tc = 25“C 

40 

15 



W 

W 

O CM 
CM O 
CM CM 

6 6 
OH H 

<x> 

Tc = 25“C 

Tc = 25"C 



3.2 

8.33 

6 6 

O CM 
CM O 
CM CM 

6 6 
<H H 

Ta = 25"C 

Ta = 25“C 



62.5 

62.5 

d d 

Tj(max) 

All Plastic Parts 

150 



“C 


Note 1; Pulsed measurement = 300 fis pulse width. 
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Process 5P 


This process is available in the following device types. 



VcEO(V), Min 

h| 

FE 

@lc(A) 

Min 1 

1 Max 

TO-202 (NS Package 56) 

D43C1 

30 

25 


0.2 

D43C2 

30 

40 

120 

0.2 

D43C3 

30 

40 


0.2 

D43C4 

45 

25 


0.2 

D43C5 

45 

40 

120 

0.2 

D43C6 

45 

40 


0.2 

D43C7 

60 

25 


0.2 

D43C8 

60 

40 

120 

0.2 

D43C9 

60 

40 


0.2 

D43C10 

80 

25 


0.2 

D43C11 

80 

40 

120 

0.2 

D43C12 

80 

40 


0.2 

TO-220(NS Package 57) 

D45C1 

30 

25 


0.2 

D45C2 

30 

40 

120 

0.2 

D45C3 

30 

40 


0.2 

D45C4 

45 

25 


0.2 

D45C5 

45 

40 

120 

0.2 

D45C6 

45 

40 


0.2 

D45C7 

60 

25 


0.2 

D45C8 

60 

40 

120 

0.2 

D45C9 

60 

40 


0.2 

D45C10 

80 

25 


0.2 

D45C11 

80 

40 

120 

0.2 

D45C12 

80 

40 


0.2 


Typical Pulsed Current Gain 
vs Collector Current 



IC - COLLECTOR CURRENT (A) 


Typical Pulsed Current Gain 



0.01 0.1 1 10 
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Collector-Emitter Saturation 
Voltage vs Collector Current 



iC - COLLECTOR CURRENT (A) 


IC - COLLECTOR CURRENT (A) 



0.1 1 10 


IC - COLLECTOR CURRENT (A) 


Safe Operating Area 
TO-220 



1 10 100 
VcE - COLLECTOR TO EMITTER VOLTAGE (V)- 


TL/G/10036-10 
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Ic - COLLECTOR CURRENT (A) 


Process 5P 


Safe Operating Area 
TO-202 
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Tc - CASE TEMPERATURE f C) 
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Dissipation vs 



Ta - AMBIENT TEMPERATURE rC) 


TL/G/10036-11 


Thermai Response in TO-220 Package 
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Process 5Q 
PNP Planar Power 


DESCRIPTION 

Process 5Q is a double-diffused silicon epitaxial planar de¬ 
vice. Complement to Process 4Q. 

APPLICATION 

This device was designed for power amplifier, regulator and 
switching circuits where speed is important. 


TL/G/10036-14 

Electrical Characteristics (Ta - 25 °c) 


Symbol 

Conditions 

BVceO 

Ic = 100 mA (Note 1) 

bVces 

Ic = 1 mA 

BVebo 

Ie = 1 mA 

•CES 

VcE = 50V 

•ebo 

Veb = 5V 

hpE 

VcE = 5V, Ic = 20 mA 

hpE 

VcE = 5V, Ic = 1A (Note 1) 

hpE 

Vce = 5V, Ic = 8A (Note 1) 


VbE(SAT) 


PD(max) 

TO-220 


^JC 

TO-220 


^JA 

TO-220 


Ic = 8A, Ib = 0.8A(Note1) 


Ic = 8A, Ib = 0.8A (Note 1) 


VcE = 5V, Ic = 0.5A 


VcB = 10V 


Veb = IV 


Ic = 5A. VcE = 30V 
•bi ” *82 “ 0.5A 


Tc = 25*C 


Tc = 25"C 


Ta = 25*0 


All Plastic Parts 


l'j(max)_ 


Note 1: Pulsed measurement = 300 ju,s pulse width. 
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National 

Semiconductor 


Process R4 
Ultra-Fast Rectifier 



0.059 0.087 

(1.50) (2.21) 


DESCRiPTION 

These dice are designed especially for use In switching 
power supplies, inverters and PWM motor controls. These 
dice feature low reverse recovery current with soft recovery. 


Note 1: Dimension Tolerances ±0.0005 in. (0.013mm). 
Note 2: Thickness of all die types is 0.010 in. (250 jn). 

Electrical Characteristics 

Symboi Parameter 


Vrrm Peak Repetitive Reverse Voltage 

(Note 1) 



Conditions 

Ir = 0.5 mA 


l = Vrrm 
= 125*C 
= 25*0 


VpM 

Maximum Instantaneous Forward Voltage 

If = 8.0A 

0.95 


V 

ip (rec) 

Maximum Reverse Recovery Current 
(Note 2) 

If = 8.0A; Vr = Vrrm 
dlR/dt = lOOA/jaS 


2.5 

A 

tpR 

Maximum Reverse Recovery Time 

If = 1 A; diF/dt = 50A/jas 

If = 8A; diF/dt = lOOA/jits 


35 

50 

ns 

ns 


Note 1; Pulse Test: Pulse Width = 300 /xs. Duty Cycle ^ 2.0%. 
Note 2: See Figure 10 for test conditions. 

This process is available in the following device types: 

TO-220AB (Case 38) 

FRP1605CC FRP2005CC 
FRP1610CC FRP2010CC 
FRP1615CC FRP2015CC 
FRP1620CC FRP2020CC 


TO-220AC (Case 41) 
FRP805 FRP1005 
FRP810 FRP1010 
FRP815 FRP1015 
FRP820 FRP1020 


FRP# 

805 

810 

815 

820 

1005 

1010 

1015 

1020 

Unit 

Vrrm 

(Ir = 0.5 mA) 

50 

100 

150 

200 

50 

100 

150 

200 

V 

FRP# 

1605CC 

1610CC 

1615CC 

1620CC 

2005CC 

2010CC 

20150CC 

2020CC 

Unit 

Vrrm 

(Ir = 0.5 mA) 

50 

100 

150 

200 

50 

100 

150 

200 

V 


Process R4 






Process R4 


Performance Characteristics 



FORWARD VOLTAGE DROP - V 

TL/G/10039-2 

FIGURE 1. Maximum Forward Voltage Drop 



TIME - ms 


TL/G/10039-4 

FIGURE 3. Maximum Transient Thermal Resistance 



80 90 100 110 120 130 140 150 
CASE TEMPERATURE - ^ 

TL/G/10039-6 

FIGURE 5. Power Derating 


Process R4 



0 5 10 15 20 

AVERAGE CURRENT - A 

TL/G/10039-3 

FIGURE 2. Maximum Power Dissipation 



REVERSE VOLTAGE “ V 

TL/G/10039-5 

FIGURE 4. Typical Reverse Leakage Current 



dlf/dt - A/ms 


TL/G/10039-7 

FIGURE 6. Typical Reverse Recovery Charge 
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Performance Characteristics (Continued) 


Process R4 



dip/dt - A//is 


TL/G/10039-8 

FIGURE 7. Typical Reverse Recovery Time 



dip/dt - k/ixs 

TL/G/10039-9 

FIGURE 8. Maximum Reverse Recovery Current 



10 20 30 50 100 200 

dIp/dt - 

TL/G/10039-10 

FIGURE 9. Typical Reverse Recovery Softness 

Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 
These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 



FIGURE 10. Reverse Recovery Test Waveform 
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Process R5 



National 

Semiconductor 



Process R5 
Ultra-fast Rectifier 


DESCRIPTION 

These dice are designed especially for use in switching 
power supplies, inverters and PWM motor controls. These 
dice feature low reverse recovery current with soft recovery. 


TL/G/10039-12 


Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Vrrm 

Peak Repetitive Reverse Voltage (Note 1) 

Ir = 0.5 mA 

200 


V 

Jrrm 

Maximum Instantaneous Reverse Current 
(Note 1) 

Vr = Vrrm 

Tj = 125’C 

Tj = 25»C 


10 

25 


VpM 

Maximum Instantaneous Forward Voltage 

Ip = 16A 

0.8 


^9 

Ir (rec) 

Maximum Reverse Recovery Current 
(Note 2) 

Ip = 16A; Vr = Vrrm 
dip/dt = lOOA/jns 



■ 

tRR 

Maximum Reverse Recovery Time 

Ip = 1 A; dIp/dt = 50A/ju,s 
lp = 16A;dlp/dt= 100A//xs 

1 

1 

35 

50 

ns 

ns 


Note 1: Pulse Test: Pulse Width = 300 ju,s. Duty Cycle 2.0%. 
Note 2: See Figure 10 for test conditions. 

This process is available in the following device types: 


TO-247 (Case 40) 

FRK3205CC 

FRK3210CC 

FRK3215CC 

FRK3220CC 


TO-220AC (Case 41) 

FRP1605 

FRP1610 

FRP1615 

FRP1620 


FRP# 


1605 


1610 


1615 


1620 


FRK# 


3205CC 


3210CC 


3215CC 


3220CC 


Unit 


Vrm 

(Ir = 0.5 mA) 


50 


100 


150 


200 


Vrm 

(Ir = 0.5 mA) 


50 


100 


150 


200 
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Process R5 


Performance Characteristics 



0.4 0.6 0.8 1.0 1.2 1.4 1.6 

FORWARD VOLTAGE DROP - V 


TL/G/10039-13 

FIGURE 1. Maximum Forward Voltage Drop 



TIME - ms 

TL/G/10039-15 

FIGURE 3. Maximum Transient Thermal Resistance 



80 90 100 110 120 130 140 150 
CASE TEMPERATURE - ®C 

TL/G/10039-17 

FIGURE 5. Power Derating 



0 5 10 15 20 25 

AVERAGE CURRENT - A 

TL/G/10039-14 

FIGURE 2. Maximum Power Dissipation 



REVERSE VOLTAGE - V 

TL/G/10039-16 

FIGURE 4. Typical Reverse Leakage Current 



TL/G/10039-18 

FIGURE 6. typical Reverse Recovery Charge 
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Process R5 


Performance Characteristics (Continued) 


Process R5 



dip/dt - k/txs 


TL/G/10039-19 

FIGURE 7. Typical Reverse Recovery Time 



dIp/dt - A/a4S 

TL/G/10039-20 

FIGURE 8. Maximum Reverse Recovery Current 



10 20 30 50 100 200 

dIp/dt - A/;is 

TL/G/10039-21 

FIGURE 9. Typical Reverse Recovery Softness 

Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 
These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 



FIGURE 10. Reverse Recovery Test Waveform 
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National 

Semiconductor 


Process R6 
Ultra-Fast Rectifier 



DESCRIPTION 

These dice are designed especially for use in switching 
power supplies, inverters and PWM motor controls. These 
dice feature low reverse recovery current with soft recovery. 


TL/G/10039-23 


Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Vrrm 

Peak Repetitive Reverse Voltage 

Ir = 0.5 mA 

600 


V 

•rrm 

Maximum Instantaneous Reverse Current 

Vr = Vrrm 





(Note 1) 

Tj = 125“C 


5 

mA 



Tj = 25»C 


10 

jliA 

VpM 

Maximum Instantaneous Forward Voltage (Note 1) 

II 

GO 

> 


1.5 

V 

Ir (rec) 

Maximum Reverse Recovery Current (Note 2) 

Ip = 8A; Vr = 200V 
dlp/dt = lOOA/jixS 


5 

A 

tRR 

Maximum Reverse Recovery Time 

Ip = 8A;dlp/dt = lOOA/juts 


75 

ns 


Note 1: Pulse width = 300 /uis. Duty Cycle ^ 2.0%. 

Note 2: See Figure 8 for test conditions. 

This process is available in the following device types: 


TO-220AB (Case 38) 
FRP1640CC 
FRP1650CC 
FRP1660CC 


TO-220AC Case (41) 
FRP840 
FRP850 
FRP860 


FRP# 

840 

850 

860 

1640CC 

1650CC 

1660CC 

Unit 

Vrrm 

(Ir = 0.5 mA) 

400 

500 

600 

400 

500 

600 

V 
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Process R6 


Performance Characteristics (Continued) 



dIp/dt-A/ps 

TL/G/10039-30 

FIGURE 7. Typical Reverse Recovery Time 

Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 
These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 



FIGURE 8. Reverse Recovery Test Waveform 
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Process A1 



National 

Semiconductor 



Process A1 
N-Channel Power MOSFET 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available In the following device types: 
TO-220 (Case 37) 

IRF510 

IRF511 

IRF512 

1RF513 

MTP4N08 

MTP4N10 


Electrical Characteristics Tc = 25‘*C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 



Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 juiA; Vqs = OV 




loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 





Gate Leakage Current 

Vds= ±20V;Vds = OV 


100 



Gate Threshold Voltage 

Id = 250 JU,A; Vds = Vqs 


4.0 


Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 2.0A 


0.60 

ft 

gps 

Forward Transconductance 

Vds = 10V; Id = 2.0A 

1.0 


Siemens 

Ciss 

Input Capacitance 

Vds = 25V;Vgs = 0V 
f = 1 MHz 


200 

IBI 


Output Capacitance 



100 

PF 


Reverse Transfer 



30 

PF 

td(on) 

Turn-On Delay Time (Note 3) 

Vdd = 50V; Id = 2.0A 

Vqs = 10V; Rqen = 50ft 



mn 

tr 

Rise Time 

RqS 50ft 


25 

ns 

td(off) 

Turn-Off Delay Time 



25 


tf 

Fall Time 



20 

ns 

Qg 

Total Gate Charge 

Vqs = 10V; Id = 8.0A 

Vdd = 40V 


7.5 

nC 

Note 1:Tj = +25“Cto +150'’C. 

Note 2: Pulse Test: Pulse Width 80 ju,s, Duty Cycle ^ 1%. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process At 


Typical Performance Characteristics 


80 MS PULSE 


0 2 4 6 8 10 

Vds-DRAIN TO SOURCE VOLTAGE-V 

TL/ 

FIGURE 1. Output Characteristics 








V 


ov 









/ 




Tj = 2 

C — 1 

50c 



3456789 10 

Vqs-gate to source voltage-V 

TL/G/10040-4 

FIGURE 3. Transfer Characteristics 



1.50 
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Tj = 1 
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Tj = 

25®C 
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0.25 
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0 1 2 3 4 5 6 

Iq-DRAIN current-A 

TL/G/1C 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 
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Tj - JUNCTION TEMPERATURE - ®C 

TL/G/10040-5 

FIGURE 4. Temperature Variation of Gate to 
Source Threshold Voltage 

20 I-1-1-1 —j— I-1 




— 
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= 8A 
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/ 


Tj 

= 25®C 
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/ 
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Vqs- DRAIN TO SOURCE VOLTAGE-V 

TL 

FIGURE 5. Capacitance vs Drain 
to Source Voltage 


FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Process A1 


Process A1 


Typical Performance Characteristics (Continued) 



Vds-DRAIN TO SOURCE VOLTAGE-V 


TL/G/10040-8 

FIGURE 7. Forward Biased Safe Operating 
Area for MTP4N08/4N10 



10 "^ 10 ° 10 ^ 102 10 ^ 10 ^ 


t-TIME-ms 

TL/G/10040-9 

FIGURE 8. Transient Thermal Resistance 
vs Time for MTP4N08/4N10 



Yds-drain to source voltage-v 

TL/G/10040-10 

FIGURE 9. Forward Biased Safe Operating 
Area for IRF510-513 



t-TIME-ms 

TL/G/10040-11 

FIGURE 10. Transient Thermai Resistance 
vs Time for IRF510-513 


Typical Electrical Characteristics 




11-220 








































National 

4USemicor 


Semiconductor 


Process A2 
N-Channel Power MOSFET 



DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 
TO-220 (Case 37) 

IRF610 

IRF611 

IRF612 

IRF613 

MTP2N18 

MTP2N20 


0.035 _ J 

ro.89^ n 


Electrical Characteristics tq 


= 25“C (unless otherwise noted) 


Symbol Parameter 

Vdss Drain to Source Voltage (Note 1) 

loss Zero Gate Voltage Drain 


Test Conditions 

Id = 250 juiA; Vqs = OV 

Vds = Rated Voltage 
Vqs = OV 


Iqss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 



Gate Threshold Voltage 

Id = 250 ^A; Vds = Vqs 

2.0 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs= 10V; Id = 1.25A 


gps 

Forward Transconductance 

Vds = 10V; Id = 1.25A 

0.8 

Cjss 

Input Capacitance 

Vds = 25V;Vgs = 0V 
f = 1 MHz 


Cqss 

Output Capacitance 




Reverse Transfer 



fd(on) 

Turn-On Delay Time (Note 3) 

Vdd = 50V; Id = 1.25A 

Vgs = 10 V; Rgen = son 


15 

ns 

tr 

Rise Time 

Rqs = son 


25 

ns 

td(off) 

Turn-Off Delay Time 



15 

ns 


Fall Time 

Total Gate Charge 


Vqs = 10V; Id = 3.0A 
Vdd = 45V 


Note 1:Tj = +25“Cto +150“C. 

Note 2: Pulse Test: Pulse Width ^ 80 jus, Duty Cycle ^ 1%. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process A2 


Typical Performance Characteristics 



0 2 4 6 8 10 

Vqs-DRAIN TO SOURCE VOLTAGE-Y 


TL/G/10040-15 

FIGURE 1. Output Characteristics 
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Vqs-gate to source voltage-V 


TL/G/10040-17 

FIGURE 3. Transfer Characteristics 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-19 

FIGURE 5. Capacitance vs Drain 
to Source Voltage 


Process A2 



0 1 2 3 4 5 


Ip-DRAIN CURRENT-A 

TL/G/10040-16 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 


0£ 



-50 0 50 100 150 

Tj-JUNCTION TEMPERATURE-OC 


TL/G/10040-18 

FIGURE 4. Temperature Variation of Gate to 
Source Threshoid Voltage 



TL/G/10040-20 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Process A2 


Typical Performance Characteristics (Continued) 



TL/G/10040-21 

FIGURE 7. Forward Biased Safe Operating 
Area for MTP2N18/2N20 



TL/G/10040-22 

FIGURE 8. Transient Thermal Resistance 
vs Time for MTP2N18/2N20 
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FIGURE 9. Forward Biased Safe Operating 
Area for IRF610>613 
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FIGURE 10. Transient Thermal Resistance 
vs Time for IRF610-613 


Typical Electrical Characteristics 
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Process A3 



National Process A3 

mm SemiCOndUCtDr N-Ohannol Power Mn.QFFT 


. 0.035 _ . 

(0.89) 

DESCRIPTION 

These dice are n-c 

hannel, enhancement mode, power 
especially for high power, high speed 

r 

0.028 

(0.71) 




0.0 

(2.1 

MOSFETs designed 


^ - 

Gate 

/ - 

'ill 


appiiuauuiis, auuM as> supplies, aiiu uo iiiuiui 

control and high energy pulse circuits. 

This process is available in the following device types: 

TO-220 (Case 37) 

98 IRF710 

IRF711 

IRF712 

IRF713 

MTP2N35 

MTP2N40 


0.024 

(0.81) 


^ 0.026 1 
(0^ 


v 

0.028 

(0.71) 

i_ 

Source 

_ 

“T 

0.019 

(0.47) 

J 






Electr 

_ 0.035 

(0.89) 

0.087 


(2.21) 

T 

leal Characteristics tc = 

L/G/10040-27 

25“C (unless otherwise noted) 


Parameter 

Test Conditions 

Min 

Max 

Units 


Drain to Source Voltage (Note 1) 

Id = 250 niA; Vqs = OV 

400 



loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

|iaA 

Iqss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 Vds = Vqs 

2.0 

4.0 

■m 

Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 2.0A 


3.6 

a 

9FS 

Forward Transconductance 

Vds = 10V; Id = 2.0A 

0.5 


Siemens 

^iss 

Input Capacitance 

Vds = 25V; Vqs = OV 
f = 1 MHz 


200 

WBm 

Cqss 

Output Capacitance 



50 

PF 

^rss 

Reverse Transfer 



15 

pF 

td(on) 

Turn-On Delay Time (Note 3) 

Vdd = 200V; Id = 0.8A 

Vqs = 10V; Rqen = 50n 




tr 

Rise Time 

Rqs = 5on 


20 

ns 

td(off) 

Turn-Off Delay Time 



10 

ns 

tf 

Fall Time 



15 

ns 

Qg 

Total Gate Charge 

< 

o 

evi 

II 

Q 

o o 

T- <M 

II II 

CO Q 
(3 a 
> > 


7.5 

nC 

Note 1:Tj - +25“Cto +150“C. 

Note 2: Pulse Test: Pulse Width ^ 80 jus, Duty Cycle ^ 1%. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process A3 


Typical Performance Characteristics 



TL/G/10040-28 

FIGURE 1. Output Characteristics 



0 0^ 1.0 1.5 2.0 2.5 3.0 

Ip-DRAIN CURRENT-A 


TL/G/10040-29 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 



Vqs-GATE to source voltage-V 

TL/G/10040-30 

FIGURE 3. Transfer Characteristics 



Vos-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-32 

FIGURE 5. Capacitance vs Drain 
to Source Voltage 



-50 0 50 100 150 

Tj-JUNCTION TEMPERATURE-®C 


TL/G/10040-31 

FIGURE 4. Temperature Variation of Gate to 
Source Threshold Voltage 



0 2 4 6 8 10 12 

Qg-TOTAL GATE CHARGE-nC 

TL/G/10040-33 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Process A3 


Typical Performance Characteristics (Continued) 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-34 

FIGURE 7. Forward Biased Safe Operating 
Area for MTP2N35/2N40 



Yds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-36 

FIGURE 9. Forward Biased Safe Operating 
Area for IRF710-713 


Typical Electrical Characteristics 



Process A3 



t-TIME-ms 

TL/G/10040-35 

FIGURE 8. Transient Thermal Resistance 
vs Time for MTP2N35/2N40 



10’2 10“^ 10° 10^ 1o2 10^ 


t-TIME-ms 

TL/G/10040-37 

FIGURE 10. Transient Thermal Resistance 
vs Time for IRF710-713 
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National 

Semiconductor 


Process B1 
N-Channel Power MOSFET 



DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 
TO-220 (Case 37) 

FMP18N05 

FMP20N05 

FMP18N06 

FMP20N06 


Electrical Characteristics Tc = 25‘’C (unless otherwise noted) 



Parameter 

Test Conditions 

Min 

Max 

Units 

Bam 

Drain to Source Voltage (Note 1) 

Id = 250 ju,A; Vqs = OV 

50 


V 

•dss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

fxA 

•gss 

Gate Leakage Current 

Vds= ±20V;Vds = OV 


100 

llllllllllllll^^ 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 juiA; Vds = Vqs 

2.0 

4.0 

BB 

Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 10A 


0.085 

ft 

gps 

Forward Transconductance 

Vds = 10V; Id = lOA 

5 


Siemens 

Ciss 

Input Capacitance 

Vds = 25V;Vgs = 0V 
f = 1 MHz 


850 

PF 

CqsS 

Output Capacitance 



400 

PF 

^rss 

Reverse Transfer 



150 

pF 

td(on) 

Turn-On Delay Time 

Vdd = 40V; Id = 10A 

Vqs = 10V; Rqen = 50ft 


50 

ns 

tr 

Rise Time 

RqS 50ft 


90 

ns 

td(off) 

Turn-Off Delay Time 



60 

ns 

tf 

Fall Time 



75 

ns 

°9 

Total Gate Charge 

Vqs = 10V; Id = 25A 

Vdd = 40V 


20 

nC 


Note 1: Tj = +25‘’C to +150'C. 

Note 2: Pulse Test: Pulse Width ^ 80 fis, Duty Cycle ^ 1%. 
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Process B1 


Typical Performance Characteristics 



0 1 2 3 4 5 

Vqs-DRAIN TO SOURCE VOLTAGE-V 


Process B1 



0 5 10 15 20 25 30 35 

Id - DRAIN CURRENT-A 


TL/G/10040-41 

FIGURE 1. Output Characteristics 


TL/G/10040-42 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 
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Vqs-GATE to SOURCE VOLTAGE-V 

TL/Q/10040-43 

FIGURE 3. Transfer Characteristics 


Q. 
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O 



Vds" DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-45 

FIGURE 5. Capacitance vs Drain 
to Source Voltage 



-50 0 50 100 150 

Tj-JUNCTION TEMPERATURE-®C 


TL/G/10040-44 

FIGURE 4. Temperature Variation of Gate to 
Source Threshold Voltage 



TL/G/10040-46 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


REGION- 

**n(on) 

| 11|| 


V 







s 

E_ 


!S_ 



S 


T he= 250 c ^ 

a h,=150oc‘ 


Vos"DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-47 

FIGURE 7. Forward Biased Safe Operating Area 
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FIGURE 8. Transient Thermal Resistance vs Time 


Typical Electrical Characteristics 
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FIGURE 9. Switching Test Circuit 



FIGURE 10. Switching Waveforms 
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National 

Semiconductor 


Process B2 
N-Channel Power MOSFET 


r 

0.036 

(0.91) 


r 

0.035 

( 0 . 88 ) 


0.033 
■ (0.84) ■ 


(0.81) ^ 



0.025 


0.133 

( 139 ) 


0.026 

( 0 . 66 ) 


0.033 

^0.032 


(0.84) 

(0.81) n 

0.099 

(2.51) 


TL/G/10040-51 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 


This process is available in the following device types: 
TO-220 (Case 37) 

IRF520 

IRF521 

IRF522 

IRF623 

MTP10N08 

MTP10N10 


Electrical Characteristics Tc = 25®C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

Vdss 

Drain to Source Voltage (Note 1) 

Id = 250 juiA; Vqs = OV 

100 


V 

•dss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 
i Vgs = OV 



juiA 

>GSS 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 

Vgs(th) 

Gate Threshold Voltage 

Id = 250 iaA;VDS = Vgs 

2 

4 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs = 10V; Id = 4A 


0.30 

ft 

gps 

Forward Transconductance 

Vds = 10V; Id = 4A 

1.5 


Siemens 

^iss 

Input Capacitance 

Vds = 25V;Vgs = OV 
f = 1 MHz 


600 

PF 

Cqss 

Output Capacitance 



400 

PF 

CfSS 

Reverse Transfer 



100 

pF 

td(on) 

Turn-On Delay Time (Note 3) 

Vdd = 50V; Id = 4A 

Vqs = 10V; Rgen = 50ft 


40 

ns 

tr 

Rise Time 

Rqs = 50ft 


70 

ns 

td(off) 

Turn-Off Delay Time 



100 

ns 

tf 

Fall Time 



70 

ns 

Qg 

Total Gate Charge 

Vgs = 10V; Id = 10A 

Vdd = 50V 


15 

nC 


Note 1: Tj = +25*C to +150*C. 

Note 2: Pulse width limited by Tj. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process B2 


Typical Performance Characteristics 



4 12 3 4 5 

Vqs-DRAIN TO SOURCE VOLTAGE-V 


TL/G/10040-52 

FIGURE 1. Output Characteristics 



0 2 4 6 8 10 12 


Id-DRAIN CURRENT-A 

TL/G/10040-53 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 
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Vqs - GATE TO SOURCE VOLTAGE - V 

TL/G/10040-54 

FIGURE 3. Transfer Characteristics 



o 



Vds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-56 


FIGURE 5. Capacitance vs Drain 
to Source Voitage 
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Tj - JUNCTION TEMPERATURE - ®C 


TL/G/10040-55 

FIGURE 4. Temperature Variation of Gate to 
Source Threshoid Voltage 
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Qg-TOTAL GATE CHARGE-nC 

TL/G/10040-57 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Process B2 


Typical Performance Characteristics (Continued) 
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FIGURE 7. Forward Biased Safe Operating 
Area for IRF120-123 and iRF520-523 
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FIGURE 8. Transient Thermal Resistance 
vs Time for IRF120-123 and IRF520-523 
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FIGURE 9. Forward Biased Safe Operating 
Area for MTP10N08/10N10 
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FIGURE 10. Transient Thermal Resistance 
vs Time for MTP10N08/10N10 


Typical Electrical Characteristics 
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FIGURE 11. Switching Test Circuit 



FIGURE 12. Switching Waveforms 
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National 

Semiconductor 


Process B3 
N-Channel Power MOSFET 



DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 
TO-220 (Case 37) 

IRF620 

IRF621 

IRF622 

IRF623 

MTP7N18 

MTP7N20 


Electrical Characteristics Tc = 25‘’C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 


Drain to Source Voltage (Note 1) 

Id = 250 jaA; Vqs = OV 

200 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vgs = OV 



fxA 

loss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250/xA;Vds = Vgs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs = 10V; Id = 2.5A 


0.8 

ft 

gps 

Forward Transconductance 

Vds = 10V; Id = 2.5A 

1.3 


Siemens 

^iss 

Input Capacitance 

Vds = 25V; Vgs = ov 
f == 1 MHz 


600 

PF 

Cqss 

Output Capacitance 



300 

PF 

Crss 

Reverse Transfer 



80 

pF 

^d(on) 

Turn-On Delay Time (Note 3) 

Vdd = 100V; Id = 2.5A 

Vqs == 10V; Rgen 5on 


40 

ns 

tr 

Rise Time 

RqS ^ 50ft 


60 

ns 

td(off) 

Turn-Off Delay Time 



100 

ns 

tf 

Fall Time 



60 

ns 

Qg 

Total Gate Charge 

Vgs = 10V; Id = 6.0A 

Vdd = 45V 


15 

nC 


Note 1: Tj = +25“C to +150“C. 

Note 2: Pulse width limited by Tj. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process B3 


Typical Performance Characteristics 




1 2 3 4 5 


Vds-drain to source voltage-V 

TL/G/10040-65 

FIGURE 1. Output Characteristics 



0 2 4 6 8 10 12 

Id-DRAIN CURRENT-A 


TL/G/10040-66 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 



TL/G/10040-67 

FiGURE 3. Transfer Characteristics 



Vqs- DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-69 

FIGURE 5. Capacitance vs Drain 
to Source Voitage 


TL/G/10040-68 

FIGURE 4. Temperature Variation of Gate to 
Source Threshoid Voitage 
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TL/G/10040-70 

FiGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 
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Yds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-71 

FIGURE 7. Forward Biased Safe Operating 
Area for IRF220-223 and IRF620-623 
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10“^ 10° 10^ 1o2 10^ 10^ 

t-TIME-ms 

TL/G/10040-72 

FIGURE 8. Transient Thermal Resistance 
vs Time for IRF220-223 and IRF620-623 
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'"iiniiiff 

Isssisra 


ISINGLE PULSE 


ml 


Yds-drain to source voltage-v 

TL/G/10040-73 

FIGURE 9. Forward Biased Safe Operating 
Area for MTP7N18/7N20 
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10"^ 10° 10^ 1o2 10^ 

t-TIME-ms 

TL/G/10040-74 

FIGURE 10. Transient Thermal Resistance 
vs Time for MTP7N18/7N20 


Typical Electrical Characteristics 
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FIGURE 11. Switching Test Circuit 


FIGURE 12. Switching Waveforms 
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Process B4 



National 

Semiconductor N-chann 

— DESCRIPTION 

I I These dice are n-c 

Process B4 
el Power MOSFET 

hannel, enhancement mode, power 
especially for high power, high speed 
power supplies, AC and DC motor 
gy pulse circuits. 

r 

0.036 

(Mil 


r ' 

Gate 

-N 


"T 

0.025 

(ow) 

_± 

0.1 

"T 

0.026 

(0.66) 

__L 

MOSFETs designed 
applications, such as 
control and high ener 





This process is available in the following device types: 

TO-220 (Case 37) 

IRF720 
^ IRF721 

^ IRF722 

IRF723 

MTP3N35 

r 

0.035 

(0.88) 

L 

k.. 

Source 




Electi 

0.033 

(Sm) 

^0.032 

1"^ (0.81) 
0.099 



(2.51) 

rical Characteristics tc 

TL/G/10040-77 

= 25“C (unless otherwise noted) 

Symbol 

Parameter 

Test Conditions 

Min 


Units 

VdsS 


Id = 250 jaA; Vqs = OV 

400 


V 


Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 



^A 

Iqss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 iuiA;VDS = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 1.5A 


1.8 

a 

Qfs 

Forward Transconductance 

Vds = 10V; Id = 1.5A 

1.0 


Siemens 

Cjss 

Input Capacitance 

Vds = 25V;Vgs = 0V 
f = 1 MHz 


500 

PF 

Cqss 

Output Capacitance 



100 

pF 

Crss 

Reverse Transfer 


f 

40 

pF 

td(on) 

Turn-On Delay Time (Note 3) 

Vdd = 200V; Id = 1.5A 
Vgs= 10V;RGEN = 50n 


40 

ns 

tr 

Rise Time 

Rqs = 5on 


50 

ns 

td(off) 

Turn-Off Delay Time 



100 

ns 

tf 

Fall Time 



50 

ns 

Qg 

Total Gate Charge 

Vgs = 10V; Id = 4.0A 

Vdd = 200V 


15 

nC 

Note 1: Tj = +25*C to +150"C. 

Note 2: Pulse Test: Pulse Width 80 jms, Duty Cycle ^ 1 %. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process B4 


Typical Performance Characteristics 


5 BOpLS PULSE 
“ 3 -test- 



0 2 4 6 8 10 

Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-78 

FIGURE 1. Output Characteristics 



0 1 2 3 4 5 6 

Id - DRAIN CURRENT-A 

TL/G/10040-79 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 



3 4 5 6 7 8 9 

Vqs-GATE TO SOURCE VOLTAGE-V 

TL/G/10040-80 

FIGURE 3. Transfer Characteristics 


102 



Vds - DRAIN TO SOURCE VOLTAGE - V 

TL/G/10040-82 

FIGURE 5. Capacitance vs Drain 
to Source Voitage 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - ®C 

TL/G/10040-81 

FIGURE 4. Temperature Variation of Gate to 
Source Threshold Voltage 





/ 
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Vdc 

1 

= 200V 

D = 4.0A 

/ 
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j = 250C 





— 





n 







8 12 16 20 24 


FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 




V|3s -drain to source voltage-V 

TL/G/10040-84 

FIGURE 7. Forward Biased Safe Operating 
Area for IRF320-323 and IRF720-723 


t-TIME-ms 

TL/G/10040-85 

FIGURE 8. Transient Thermal Resistance 
vs Time for IRF320-323 and iRF720-723 



Vds-DRAIN TO SOURCE VOLTAGE-V 


TL/G/10040-86 

FIGURE 9. Forward Biased Safe Operating 
Area for MTP3N35/3N40 



TL/G/10040-87 

FIGURE 10. Transient Thermal Resistance 
vs Time for MTP3N35/3N40 


Typical Electrical Characteristics 





















































National 

Semiconductor 


Process B5 
N-Channel Power MOSFET 



DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 
TO-204 (Case 42) TO-220 (Case 37) 

IRF420 IRF820 

IRF421 IRF821 

IRF422 IRF822 

IRF423 IRF823 

MTP2N45 

MTP2N50 


Electrical Characteristics Tc = 25'’C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 juiA; Vqs = OV 

500 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

juiA 

•gss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 


Gate Threshold Voltage 

Id = 250/xA;Vds = Vqs 

2.0 

4.0 

V 


Static On-Resistance (Note 2) 

Vqs = 10V; Id = 1A 


3.0 

n 

Qfs 

Forward Transconductance 

Vds= 10V; Id= 1A 

1.0 


Siemens 

Ciss 

Input Capacitance 

Vds = 25V;Vgs = 0V 
f = 1 MHz 


400 

PF 

Cqss 

Output Capacitance 



100 

PF 

Crss 

Reverse Transfer 



40 


td(on) 

Turn-On Delay Time (Note 3) 

Vdd = 250V; Id = 1A 

Vgs = 10V; Rgen = 5on 




tr 

Rise Time 

Rqs = son 


50 


td(off) 

Turn-Off Delay Time 



60 

ns 

tf 

Fall Time 



60 

ns 

Qg 

Total Gate Charge 

< 

o 

CO 

11 

Q 

>g 

o o 

■r- CM 

II II 

CO Q 
O Q 
> > 


15 

nC 


Note 1: Tj = +25‘>C to +150'’C. 

Note 2: Pulse width limited by Tj. 

Note 3: Switching time measurements performed on LEM TR-53 test equipment. 
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Process B5 


Typical Performance Characteristics 



0 4 8 12 16 20 

Vqs-DRAIN TO SOURCE VOLTAGE-V 


TL/G/10040-91 

FIGURE 1. Output Characteristics 



3 4 5 5 7 8 S 

Vqs-gate to source voltage-V 


Process B5 



TL/G/10040-92 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 



-50 0 50 100 150 

Tj-JUNCTION TEMPERATURE-®C 


TL/G/10040-93 

FiGURE 3. Transfer Characteristics 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-95 

FIGURE 5. Capacitance vs Drain 
to Source Voitage 


TL/G/10040-94 

FiGURE 4. Temperature Variation of Gate to 
Source Threshoid Voltage 



TL/G/10040-96 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process B5 




10 “^ 10 ° 10 ^ 102 10 ^ 10 ^ 


Vqs" DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-97 

FIGURE 7. Forward Biased Safe Operating 
Area for iRF320-<323 and iRF720-723 


t-TIME-ms 

TL/G/10040-98 

FiGURE 8. Transient Thermai Resistance 
vs Time for IRF320-323 and iRF720-723 



Vds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-99 

FIGURE 9. Forward Biased Safe Operating 
Area for MTP3N35/3N40 



TL/G/10040-AO 

FiGURE 10. Transient Thermai Resistance 
vs Time for MTP3N35/3N40 


Typical Electrical Characteristics 



FiGURE 11. Switching Test Circuit 
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Process Cl 



^ National Process Cl 

Semiconductor N-nhannol Pnwor Mn<;FFT 


0.047_j 


0.029 

r\c eo m*ri /mli 

(TTSJ 


(0.74) 


These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 

TO-204 (Case 42) TO-220 (Case 37) 

IRF130 IRF530 

IRF131 IRF531 

IRF132 IRF532 

IRF133 IRF533 

MTP20N08 

MTP20N10 

r 

0.038 

(0.98) 




T 

0.028 

(0.71) 


r 

\ _ 

Gate 

_ J 


r 

0.039 

(0.99) 

i_ 


0.17 

(Ti 

_L 

0.030 

(0.75) 

T ,, 

Source 




Electr 

0.045 


0.032 




(1715 

0.123 

(olsi) 

TL/G/10040-A3 

- = 25‘’C (unless otherwise noted) 

(3.12) 

cal Characteristics tc 

Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

Vdss 

Drain to Source Voltage (Note 1 ) 

1d = 250 jitA; Vgs = OV 

100 


V 

•dss 

Zero Gate Voltage Drain 




fjiA 

^GSS 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 jaA; Vqs = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs = 10V; Id = 8A 


0.18 

ft 

gps 

Forward Transconductance 

Vds = 10V; Id = 8A 

4.0 


Siemens 

Qss 

input Capacitance 

Vds = 25V; Vgs = OV 
f = 1 MHz 


IIIIIIIQQII^ 

PF 

Cqss 

Output Capacitance 



|[||||[||^QI 

PF 

^rss 

Reverse Transfer 




pF 

<d(on) 

Turn-On Delay Time (Note 3) 

Vdd = 25V; Id = 10A 

Vgs = 10V; Rgen = i5ft 



ns 

tr 

Rise Time 

Rqs = 15ft 


450 

ns 

tcl(off) 

Turn-Off Delay Time 



100 

ns 

tf 

Fall Time 



200 

ns 

Qg 

Total Gate Charge 

< < 

O Q 

O 05 

II II 

00 

§§ 

a 

II 

> 


30 

nC 

Note 1:Tj = +25'’Cto +150®C. 

Note 2: Pulse width limited by Tj. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process C1 


Typical Performance Characteristics 



V[)s-DRAIN SOURCE VOLTAGE-V 

TL/G/10040-A4 

FIGURE 1. Output Characteristics 



0 4 8 12 16 20 

Id - DRAIN CURRENT-A 


TL/G/10040-A5 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 



2 4 6 8 10 

Vqs-gate to source voltage-V 


TL/G/10040-A6 

FIGURE 3. Transfer Characteristics 



Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-A8 

FIGURE 5. Capacitance vs Drain 
to Source Voltage 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - ®C 


TL/G/10040-A7 

FIGURE 4. Temperature Variation of Gate to 
Source Threshoid Voltage 



0 10 20 30 40 

Qg-TOTAL GATE CHARGE-nC 


TL/G/10040-A9 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 





Tc = 250C M 
:Tj^150OC±== 
SINGLE PULSE- 

IRF130/132- 



— 

— —-V/URRLni UMIICU 

OPERATION 1 



Vqs-drain to source voltage-V 

TL/G/10040-80 

FIGURE 7. Forward Biased Safe Operating 
Area for IRF130-133 and IRF530-533 



10 ”^ 10 ° 10 ^ 10 ^ 10 ^ 10 ^ 
t-TIME-ms 

TL/G/10040-B1 

FIGURE 8. Transient Thermal Resistance 
vs Time for IRF130-133 and IRF530-533 



Yds-drain to source voltage-v 

TL/G/10040-82 

FIGURE 9. Forward Biased Safe Operating 
Area for MTP20N08/20N10 


l^ioO 



run 



10 “^ 10 ° 10 ^ 10 ^ 10 ^ 10 ^ 
t-TIME-ms 

TL/G/10040-83 

FIGURE 10. Transient Thermal Resistance 
vs Time for MTP20N08/20N10 


Typical Electrical Characteristics 

V|N Vdd 


PULSE < 

GD^ERATOR_ Vqut 


OUTPUT, Vqut 
INVERTED 


INPUT, v,N 

-J4l0% 


FIGURE 11. Switching Test Circuit 



FIGURE 12. Switching Waveforms 
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National 

Semiconductor 


Process C2 
N-Channel Power MOSFET 



TL/G/10040-B6 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 
TO-204 (Case 42) TO-220 (Case 37) 

IRF230 IRF630 

IRF231 IRF631 

IRF232 IRF632 

IRF233 IRF633 

MTP12N18 

MTP12N20 


Electrical Characteristics Tc = 25“C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 jliA; Vqs = OV 

200 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

|llA 

Iqss 

Gate Leakage Current 

Vds == ±20V; Vds = ov 


100 

nA 

VgS(TH) 

Gate Threshold Voltage 

lD = 250iuiA;VDS = Vqs 

2.0 

4.0 

V 
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Process C2 


Typical Performance Characteristics 



0 1 2 3 4 5 

Yds - DRAIN SOURCE VOLTAGE - V 


TL/G/10040-B7 

FIGURE 1. Output Characteristics 



1 3 5 7 9 

Vgs-gate to source voltage-V 


TL/G/10040-B9 

FIGURE 3. Transfer Characteristics 



Vqs- DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-C1 

FIGURE 5. Capacitance vs Drain 
to Source Voitage 



0 4 8 12 16 20 

Ip - DRAIN CURRENT-A 


TL/G/10040-B8 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 


on 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - X 


TL/G/10040-C0 

FIGURE 4. Temperature Variation of Gate to 
Source Threshold Voltage 



Qg- TOTAL GATE CHARGE-nC 

TL/G/10040-C2 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process C2 



Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-C3 

FIGURE 7. Forward Biased Safe Operating 
Area for IRF230-233 and IRF630-633 



10"^ 10° 10^ 1o2 10^ 10^ 


t-TIME-ms 

TL/G/10040-C4 

FIGURE 8. Transient Thermai Resistance 
vs Time for IRF230-233 and IRF630-633 



Vds* DRAIN TO SOURCE VOLTAGE-V 


TL/G/10040-C5 

FIGURE 9. Forward Biased Safe Operating 
Area for MTP12N18/12N20 



TL/G/10040-C6 

FIGURE 10. Transient Thermai Resistance 
vs Time for MTP12N18/12N20 


Typical Electrical Characteristics 
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Process C3 



Natiol 

Semic 

_ 0.047 _j 

(ili) 

ial 

K)n 

ductor 

0.029 

(07^ 

Process C3 
N-Channel Power MOSFET 

DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available In the following device types: 

TO-204 (Case 42) TO-220 (Case 37) 

IRF330 IRF730 

^ IRF331 IRF731 

IRF332 IRF732 

IRF333 IRF733 

MTP5N35 

MTP5N40 

r 

0.038 

(5585 

i_ 

r 

0.039 

(0.99) 

L. 


r 

V- 

Gate 

Source 

A 

j 


“T 

0.028 

0.17 

(T4i 

_L 

0.030 

(075) 

~T „ 

Electrl 

0.045 


0.032 




0^ 

. . 

^ * 

0.123 

(o5T5 

TL/G/10040-C9 

= 25®C (unless otherwise noted) 

(3.t2) 

cal Characteristics tc 

Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

Vdss 

Drain to Source Voltage (Note 1) 

Id = 250 juA; Vqs = OV 

400 


V 

bss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vgs = OV 


250 

julA 

•gss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


100 

nA 

Vgs(th) 

Gate Threshold Voltage 

Id = 250 jLtA; Vds = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs = 10V; Id = 3A 


1.0 

ft 

Qfs 

Forward Transconductance 

Vds = 10V; Id = 3A 

3.0 



Ciss 

input Capacitance 

Vds = 25V; Vgs = ov 
f = 1 MHz 


900 

PF 

Cqss 

Output Capacitance 



300 

PF 

Crss 

Reverse Transfer 



80 


^d(on) 

Turn-On Delay Time (Note 3) 

Vdd = 175V; Id = 3A 

Vqs = 10V; Rgen = 15ft 


30 


tr 

Rise Time 

Rqs = 15ft 


35 


td(off) 

Turn-Off Delay Time 



55 

ns 

tf 

Fall Time 



35 


Qg 

Total Gate Charge 

Vgs = 10V; Id = 7A 

Vdd = 180 V 


30 

nC 

Note 1: Tj = +25'>C to +150‘’C. 

Note 2: Pulse test: Pulse Width ^ 80 jis, Duty Cycle :s: 1%. 

Note 3: Switching time measurements performed on LEM TR-58 test equipment. 
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Process C3 


Typical Performance Characteristics 

Figures 4-6 ior IRF332/333/732/733 only. 



0 2 4 6 8 10 


Vds-DRAIN TO SOURCE VOLTAGE-V 


TL/G/10040-DO 

FIGURE 1. Output Characteristics 



0 2 4 6 8 10 


Id-DRAIN CURRENT-A 

TL/G/10040-D1 

FIGURE 2. Static Drain to Source Resistance 
vs Drain Current 



TL/G/10040-D2 

FIGURE 3. Transfer Characteristics 


TL/G/10040-D3 

FIGURE 4. Output Characteristics 



TL/G/10040-D4 

FIGURE 5. Static Drain to Source On-Resistance 
vs Drain Current 


8 

7 



1 

0 


1 2 3 4 5 6 7 8 

Vgs-gate to source voltage-V 

TL/G/10040-D5 

FIGURE 6. Transfer Characteristics 


















Process C3 


Process C3 


Typical Performance Characteristics (Continued) 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - K 


TL/G/10040-D6 

FIGURE 7. Temperature Variation of Gate 
to Source Threshold Voltage 



TL/G/10040-D8 

FIGURE 9. Gate to Source Voltage 
vs Total Gate Charge 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-D7 

FIGURE 8. Capacitance vs Drain 
to Source Voltage 



Yds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10040-D9 


FIGURE 10. Forward Biased 
Safe Operating Area 



10 “^ 10 ° 10 ^ 10 ^ 10 ^ 10 ^ 


t-TIME-ms 

FIGURE 11. Transient Thermal Resistance 


TL/G/10040-E0 
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Process C3 


Typical Electrical Characteristics 



TL/G/10040-E2 


FIGURE 13. Switching Waveforms 
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Process E l 



National 

Semiconductor 


Process E1 
N-Channel Power MOSFET 


T 

0.041 

(1.05) 


(1.84) 


0.032 


(0.81) 


r 

0.056 

(1.43) 


Gate 


Source 


0.030 

(0.77) 


0.213 

(5.40) 


0.047 

( 1 . 20 ) 


0.65 

■( 1 . 66 ) 


J, 0.046 I 

( 1 . 16 )n 


0.046 
(1.16) 
0.177 
(4.49) ■ 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 


This process is available in the following device types: 


TO-204 (Case 42) 

IRF140 

IRF141 

IRF142 

IRF143 


TO-220 (Case 37) 

IRF540CF 

IRF540 

IRF541 

IRF542 

IRF543 


Electrical Characteristics Tc = 25®C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 jiiA; Vqs = OV 

100 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vgs = OV 


250 

ju-A 

•gss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


±100 

nA 

Vgs(th) 

Gate Threshold Voltage 

Id = 250 m-A; Vds = Vgs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs= 10V; Id = 15A 


0.085 

n 

gps 

Forward Transconductance 

Vds= 10V; Id= 15A 

6.0 


Siemens 

Ciss 

Input Capacitance 

Vds = 25V; Vgs = OV 
f = 1 MHz 


1600 

PF 

^oss 

Output Capacitance 



800 

PF 

^rss 

Reverse Transfer 



300 

pF 

^d(on) 

Turn-On Delay Time 

Vdd = 45V; Id = 15A 

Vgs = 10 V; Rgen = 4.7n 


60 

ns 

tr 

Rise Time 

Rqs = 4.7fl 


450 

ns 

td(off) 

Turn-Off Delay Time 



150 

ns 

tf 

Fall Time 



200 

ns 

Qg 

Total Gate Charge 

Vgs = 10V; Id = 34A 

Vdd = 35V 


60 

nC 


Note 1:Tj = +25“Cto +150“C. 
Note 2: Pulse Width limited by Tj. 
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Process El 


Typical Performance Characteristics 



0 1.0 2.0 3.0 4.0 5.0 

Vds - DRAIN TO SOURCE VOLTAGE - V 


TL/G/10041-2 

FIGURE 1. Output Characteristics 



TL/G/10041-3 

FIGURE 2. Static Drain to Source 
Resistance vs Drain Current 



23456789 


Vqs-gate to source voltage-V 

TL/G/10041-4 

FIGURE 3. Transfer Characteristics 



Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-6 

FIGURE 5. Capacitance vs 
Drain to Source Voltage 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - <>0 


TL/G/10041-5 


FIGURE 4. Temperature Variation of 
Gate to Source Threshold Voltage 



0 20 40 60 80 100 

Qg-TOTAL GATE CHARGE-nC 

TL/G/10041-7 

FIGURE 6. Gate to Source 
Voltage vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process El 



V[)S- DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-8 

FIGURE 7. Forward Biased Safe Operating Area 

Typical Electrical Characteristics 


V|N Vdo 



TL/G/10041-10 

FIGURE 9. Switching Test Circuit 


Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 



t-TIME-ms 

TL/G/10041-9 

FIGURE 8. Transient Thermal Resistance vs Time 



These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 
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Natio 

Semii 

0.072 

nal 

:x>ni 

ProcGSS E2 

dUCtor N-Channel Power MOSFET 

0.032 DESCRIPTION 

(1.84) 


These dice are n-( 

channel, enhancement mode, power 
especially for high power, high speed 

T~ 

0.041 

(1.05) 

i_ 




—r 

MOSFETs designed 


< 


Gate 




applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 

TO-204 (Case 42) TO-220 (Case 37) 

IRF240 IRF640CF 

IRF241 IRF640 

*0) IRF242 IRF641 

IRF243 IRF642 

IRF643 





0.030 

(0.77) 

0.2 

(57 

T 

0.047 

(1.20) 

T 

0.056 

(1.43) 

L 


Source 




Electrl 

, 0.65 I 

(1.66)^ 

t 

i 



(4.49) 

cal Characteristics t 

TL/G/10041-12 

3 = 25®C (unless otherwise noted) 

Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 /xA; Vqs = OV 

200 


V 

loss 

Zero Gate Voltage Drain 

Vds == Rated Voltage 

Vgs = OV 


250 

juA 

Igss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


±100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 ixA; Vds = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs = 10V; Id = lOA 


0.18 

ft 

gps 

Forward Transconductance 

Vds = 10V; Id = lOA 

6.0 


Siemens 

Ciss 

Input Capacitance 

Vds = 25V; Vgs = ov 
f = 1 MHz 


1600 

PF 

CqsS 

Output Capacitance 



750 

PF 

^rss 

Reverse Transfer 



300 

pF 

td(on) 

Turn-On Delay Time 

Vdd = 75V; Id = 10A 

Vqs = 10V; Rgen 4.7n 


60 

ns 

tr 

Rise Time 

Rgs = 4.7ft 


300 

ns 

td(off) 

Turn-Off Delay Time 



200 

ns 

tf 

Fall Time 



150 

ns 

Qg 

Total Gate Charge 

Vgs = 10V; Id = 22A 

Vdd = 120V 


60 

nC 

Note 1: Tj = +25°C to + tSO'C. 

Note 2: Pulse Width limited by Tj. 
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Process E2 


Process E2 


Typical Performance Characteristics 



0 1 2 3 4 5 

Vps - DRAIN TO SOURCE VOLTAGE - V 


TL/G/10041-13 

FIGURE 1. Output Characteristics 



Vqs-GATE to source voltage-V 

TL/G/10041-15 

FIGURE 3. Transfer Characteristics 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-17 

FIGURE 5. Capacitance vs 
Drain to Source Voltage 





0 4 8 12 16 20 


Ip-DRAIN CURRENT-A 

TL/G/10041-14 

FIGURE 2. Static Drain to Source 
Resistance vs Drain Current 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - ®C 


TL/G/10041-16 

FIGURE 4. Temperature Variation of 
Gate to Source Threshold Voltage 



TL/G/10041-18 

FIGURE 6. Gate to Source 
Voltage vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process E2 



Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-19 

FIGURE 7. Forward Biased Safe Operating Area 



t-TIME-ms 

TL/G/10041-20 

FIGURE 8. Transient Thermal Resistance vs Time 


Typical Electrical Characteristics 



TL/G/10041-21 

FIGURE 9. Switching Test Circuit 



Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 


These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 


11 
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Process E3 



National 

Semiconductor 


Process E3 
N-Channel Power MOSFET 


0.041 

(1.05) 


r 

0.056 

(1.43) 


(1.84) 


(0.81) 



Source 


0.65 

"( 1 . 66 ) 


0.046 J 
(1.16)1 


(1.16) 

0.177 


(4.49) 


0.030 

(0.77) 


0.213 

(5.40) 


0.047 

( 1 . 20 ) 


TL/G/10041-23 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 
TO-204 (Case 42) TO-220 (Case 37) 

IRF340 IRF740CF 

IRF341 IRF740 

IRF342 IRF741 

IRF343 IRF742 

IRF743 


Electrical Characteristics Tc = 25®C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

Vdss 

Drain to Source Voltage (Note 1) 

Id = 250 /xA; Vqs = OV 

400 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vgs = OV 


250 

fxA 

Iqss 

Gate Leakage Current 

Vds = ±20V; Vds = ov 


±100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 /xA; Vds = Vgs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vgs = 10V; Id = 5A 


0.55 

n 

gps 

Forward Transconductance 

Vds = 10V; Id = 5A 

4.0 


Siemens 

Qss 

Input Capacitance 

Vds = 25V;Vgs = 0V 
f = 1 MHz 


1600 

PF 

^oss 

Output Capacitance 



450 

PF 

CfSS 

Reverse T ransfer 



150 

pF 

td(on) 

Turn-On Delay Time 

Vdd = 175V; Id = 5A 

Vgs = 10V; Rgen = 4.7n 


35 

ns 

tr 

Rise Time 

Rqs 4.7n 


15 

ns 

td(off) 

Turn-Off Delay Time 



90 

ns 

tf 

Fall Time 



35 

ns 

Qg 

Total Gate Charge 

< < 
o o 

O CO 

II II 

o o 

o 

II 

ro 

> 


60 

nC 


Note 1: Tj = +25*C to + 150°C. 

Note 2: Pulse Test: Pulse Width ^ 80 jus, Duty Cycle ^ 1%. 
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Process E3 


Typical Performance Characteristics 




0 4 8 12 16 20 


Vqs “ GATE TO SOURCE VOLTAGE - V 

TL/G/10041-24 

FIGURE 1. Output Characteristics 



23456789 
Vqs “ GATE TO SOURCE VOLTAGE - V 


TL/G/10041-26 

FIGURE 3. Transfer Characteristics 



Vqs -DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-28 

FIGURE 5. Capacitance vs 
Drain to Source Voltage 


Iq- DRAIN CURRENT-A 

TL/G/10041-25 

FIGURE 2. Static Drain to Source 
Resistance vs Drain Current 



-50 0 50 100 150 

Tj-JUNCTION TEMPERATURE-®C 


TL/G/10041-27 

FIGURE 4. Temperature Variation of 
Gate to Source Threshold Voltage 



0 10 20 30 40 50 

Qg-TOTAL GATE CHARGE-nC 

TL/G/10041-29 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process E3 



Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-30 

FIGURE 7. Forward Biased Safe Operating Area 

Typical Electrical Characteristics 



TL/G/10041-32 

FIGURE 9. Switching Test Circuit 


Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied In the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 



t-TIME-ms 

TL/G/10041-31 

FIGURE 8. Transient Thermal Resistance vs Time 



These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 
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x>n< 

Procoss E4 

dUCtor N-Channel Power MOSFET 

0.032 DESCRIPTION 

(1.84) 


(0-81) 

These dice are n-( 

channel, enhancement mode, power 
esoeciallv for high oower. hioh speed 

T“ 

0.041 




—r 

MOSFETs desioned 


r — 


Gate 




applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 

This process is available in the following device types: 

TO-204 (Case 42) TO-220 (Case 37) 

IRF440 IRF840CF 

13 IRF441 IRF840 

IRF442 IRF841 

IRF443 IRF842 

IRF843 





0.030 

(0.77) 

0.2 

(5.i 

0.047 

(UO) 

V 

0.056 

(1.43) 


Source 




Electri 

(1.66)^ 

_ 0.046 _ 
(1.16) 
0.177 



(4.49) 

cal Characteristics t 

TL/G/10041-34 

3 = 25°C (unless otherwise noted) 

Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

Vdss 

Drain to Source Voltage (Note 1) 

Id = 250 iiA- Vqs = OV 

500 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

jllA 

Iqss 

Gate Leakage Current 

Vds = ± 20V; Vds = OV 


+ 100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 julA; Vds = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 4.0A 


0.85 

a 

gps 

Forward Transconductance 

Vds = 10V; Id = 4.0A 

4.0 


Siemens 

Ciss 

Input Capacitance 

Vds = 25V; Vqs = OV 
f = 1 MHz 


1600 

pF 

Cqss 

Output Capacitance 



350 

PF 

Crss 

Reverse Transfer 



150 

pF 


Turn-On Delay Time 

Vdd = 220V; Id = 4A 

Vqs = 10V; Rqen = 


35 

ns 

IfBHH 

Rise Time 

Rgs = 4.7n 


15 

ns 

td(off) 

Turn-Off Delay Time 



90 

ns 

tf 

Fall Time 



30 

ns 

Qg 

Total Gate Charge 

Vgs= 10V; Id= 12A 

Vdd = 400V 


60 

nC 

Note 1: Tj = +25“C to +150*C. 

Note 2: Pulse Test: Pulse Width ^ 80 jus, Duty Cycle ^ 1%. 
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Process E4 


Typical Performance Characteristics 


I 



0 1 2 3 4 5 6 7 


Process E4 



0 4 8 12 16 20 


Vdq-DRAIN TO SOURCE VOLTAGE-V 


Id-DRAIN CURRENT-A 


TL/G/10041-35 

FIGURE 1. Output Characteristics 


TL/G/10041-36 

FiGURE 2. Static Drain to Source 
Resistance vs Drain Current 



23456789 


Vqs - GATE TO SOURCE VOLTAGE - V 

TL/G/10041-37 

FiGURE 3. Transfer Characteristics 



1 2 5 10 20 50 100 

Vds-DRAIN TO SOURCE VOLTAGE-V 


TL/G/10041-39 

FIGURE 5. Capacitance vs 
Drain to Source Voitage 



-50 0 50 100 150 

Tj-JUNCTION TEMPERATURE-OC 


TL/G/10041-38 

FiGURE 4. Temperature Variation of 
Gate to Source Threshoid Voitage 



0 10 20 30 40 50 


Qg-TOTAL GATE CHARGE-nC 

TL/G/10041-40 

FiGURE 6. Gate to Source Voitage 
vs Totai Gate Charge 
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Process £4 


Typical Performance Characteristics (Continued) 



10 50 100 500 1000 10“’ 10° 10’ 10^ 10* 10^ 

Yds - drain to source voltage - V t-TIME-ms 

TL/G/10041-41 _ _ TL/G/10041-42 

FIGURE 7. Forward Biased Safe Operating Area Curves FIGURE 8. Transient Thermal Resistance vs Time 


Typical Electrical Characteristics 



FIGURE 9. Switching Test Circuit tl/g/ioo4i-44 

FIGURE 10. Switching Waveforms 

Probe Testing 

Each die is probed and electrically tested to the limits speci- These parameters are: 

tied in the Electrical Characteristics Table. However, high Thermal Resistance 

current parameters and thermal characteristics specified in Forward Voltage Drop at Rated Current 

the packaged device data sheets cannot be tested or guar- Reverse Recovery Characteristics at Rated Current 

anteed in die form because of the power dissipation limits of Surge Current 

unmounted die and current handling limits of probe tips. 
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Process FI 



National 

Semiconductor 


Process F1 
N-Channel Power MOSFET 


■(2.29)“ 


(0.87) 


0.044 

fTiz) 


r 

0.060 

(1.5J) 



— 

“I 

Gate 

_ 

J 


Source 


0.033 

(0.84) 


0.058 

(1.35) 

_L. 


0.260 

(6.59) 


0.100 

■(2.54)' 


(1.51) 

0.260 




(6.59) 


TL/G/10041-45 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 


This process is available in the following device types: 


TO-204 (Case 43) 

IRF150CF 

IRF150 

IRF151 

IRF152 

IRF153 


TO-247 (Case 40) 

IRFP150CF 

IRFP150 

IRFP151 

IRFP152 

IRFP153 


Electrical Characteristics Tc = 25“C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 juA; Vqs = OV 

100 


V 

•dss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

juA 

•gss 

Gate Leakage Current 

Vds= ±20V;Vds = OV 


±100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250jliA; Vqs = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

< 

o 

CM 

II 

_9 

> 

o 

II 

(0 

0 

> 


0.055 

a 

Qfs 

Forward Transconductance 

< 

o 

CM 

II 

_9 

> 

o 

II 

CO 

Q 

> 

9.0 


Siemens 

Cjss 

Input Capacitance 

Vds = 25V; Vqs = OV 
f = 1 MHz 


3000 

PF 

Cqss 

Output Capacitance 



1500 

PF 

Crss 

Reverse Transfer 



500 

pF 



Vdd = 48V; Id = 20A 

Vqs “ 10V; Rqen = 4.7n 


75 

ns 

tr 

Rise Time 

Rqs “ 4.711 


450 

ns 

td(off) 

Turn-Off Delay Time 



300 

ns 

tf 

Fall Time 



200 

ns 

Qg 

Total Gate Charge 

Vqs = 10V; Id = 50A 

Vdd = 55V 


120 

nC 


Note 1: Tj = +25“C to + ISO'C. 

Note 2: Pulse Test: Pulse Width ^ 80 fis, Duty Cycle 1%. 
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Process F1 


Typical Performance Characteristics 



0 0.4 0-8 1.2 1.6 ZO 


Vqs-DRAIN SOURCE VOLTAGE-V 

TL/G/10041-46 

FIGURE 1. Output Characteristics 



23456789 

Vq5-gate to source voltage-V 


TL/G/10041-48 

FIGURE 3. Transfer Characteristics 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-50 

FIGURE 5. Capacitance vs 
Drain to Source Voltage 



0 4 8 12 16 20 24 


Ip-DRAIN CURRENT-A 

TL/G/10041-47 

FIGURE 2. Static Drain to Source 
Resistance vs Drain Current 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - ®C 


TL/G/10041-49 

FIGURE 4. Temperature Variation of 
Gate to Source Threshold Voltage 



0 40 80 120 160 


Qg-TOTAL GATE CHARGE-nC 

TL/G/10041-51 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 


1 
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Process F1 


Typical Performance Characteristics (Continued) 




Duty Factor. D=^ 

D curvM apply to train 

..[I j——l-j-l']—I- of boating pultos -j 

2 Mil I III .Tj.(MAX)=W^,(th)JC I 

10 "^ 10 ° 10 ^ 102 10 ^ 10 ^ 


-DRAIN TO SOURCE VOLTAGE-V 


FIGURE 7. Forward Biased Safe Operating Area 


FIGURE 8. Transient Thermal Resistance vs Time 


Typical Electrical Characteristics 


PULSE 

GENERATOR 



FIGURE 9. Switching Test Circuit 


OUPUT.Vqut 

INVERTED 


INPUT, v,N 



FIGURE 10. Switching Waveforms 


Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 


These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 
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National 

Semiconductor 


Process F2 
N’Channel Power MOSFET 


T 

0.044 


(2.29) 


0.034 


(0.87) 


r 

0.060 

(1.53) 





Gate 

r 

] 


Source 


0.033 

(0.84) 


T 

0.053 

(1.35) 

_L_ 


0.260 

(6.59) 


0.100 


(2.54) 


(1.51) 

0.260 


-I 


■ (6.59) ■ 


TL/G/10041-56 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 


This process is available in the following device types: 


TO-204 (Case 43) 

IRF250CF 

IRF250 

IRF251 

IRF252 

IRF253 


TO-247 (Case 40) 

IRFP250CF 

IRFP250 

IRFP251 

IRFP252 

IRFP253 


Electrical Characteristics Tc = 25“C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 jaA; Vqs = OV 

200 


V 

loss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

fxA 

■gss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


±100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 Vds = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 16A 



ft 

qfs 

Forward Transconductance 

Vds = 10V; Id = 16A 

8.0 


Siemens 

Cjss 

Input Capacitance 

Vds = 25V; Vqs = OV 
f = 1 MHz 


3000 

PF 

Cqss 

Output Capacitance 



1200 

PF 

Cfss 

Reverse Transfer 



500 

pF 

^(d(on) 

Turn-On Delay Time 

Vdd = 95V; Id = 16A 

Vqs = 10V; Rqen = 4.7n 


75 

ns 

tr 

Rise Time 

Rgs = 4.7n 


300 

ns 

td(off) 

Turn-Off Delay Time 



275 

ns 

tf 

Fall Time 



150 

ns 

°g 

Total Gate Charge 

< 

00 

CO 

II 

Q 

>g 

o o 

II II 

CO Q 
0 D 
> > 


120 

nC 


Note 1: Tj = +25“C to + 150'C. 

Note 2: Pulse Test: Pulse Width ^ 80 ju,s, Duty Cycle ^ 1%. 
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Process F2 


Process F2 


Typical Performance Characteristics 



0 OA \2 1.6 ZO Z8 

Vqs-DRAIN SOURCE VOLTAGE-V 

TL/G/10041-57 

FIGURE 1. Output Characteristics 



0 10 20 30 40 

Id-DRAIN CURRENT-A 

TL/G/10041-58 

FiGURE 2. Static Drain to Source 
Resistance vs Drain Current 



23456789 

Vqs-gate to source voltage-V 


TL/G/10041-59 

FiGURE 3. Transfer Characteristics 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - ^C 


TL/G/10041-60 

FIGURE 4. Temperature Variation of 
Gate to Source Threshoid Voltage 



Vds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-61 

FIGURE 5. Capacitance vs 
Drain to Source Voltage 


> 




0 40 80 120 160 


Qg-TOTAL GATE CHARGE-nC 

TL/G/10041-62 

FIGURE 6. Gate to Source 
Voltage vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process F2 



10° 2 5 10^ 2 5 102 2 5 10^ 



Vqs - DRAIN TO SOURCE VOLTAGE - V 

TL/G/10041-63 

FIGURE 7. Forward Biased Safe Operating Area 


t-TIME-ms 


TL/G/10041-64 

FIGURE 8. Transient Thermal Resistance vs Time 


Typical Electrical Characteristics 





TL/G/10041-65 

FIGURE 9. Switching Test Circuit 


Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 



These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 
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Process F3 



National 

Semiconductor 


Process F3 
N-Channel Power MOSFET 


T 

0.044 

( 1 . 12 ) 


0.112 


(2.29) 


0.034 


(0.87) 


r 

0.060 

(1.53) 



r- 


Gate 

_ 



Source 


0.033 

(0.84) 


0.053 

(1.35) 

J_ 


0.260 

(6.59) 


(2.54) 


0.059 


(1.51) 

0.260 




(6.59) 


TL/G/10041-67 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 


This process Is available in the following device types: 


TO-204 (Case 42) 

IRF350CF 

IRF350 

IRF351 

IRF352 

IRF353 


TO-247 (Case 40) 

IRFP350CF 

IRFP350 

IRFP351 

IRFP352 

IRFP353 


Electrical Characteristics Tc = 25“C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1) 

Id = 250 jaA; Vqs = OV 

400 


V 

•dss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vqs = OV 


250 

jaA 

Iqss 

Gate Leakage Current 

Vds= ±20V;Vds = 0V 


+ 100 

nA 

VgS(TH) 

Gate Threshold Voltage 

Id = 250 jaA; Vds = Vqs 

2.0 

4.0 

V 

Rds(on) 

Static On-Resistance (Note 2) 

Vqs = 10V; Id = 8A 


0.3 

a 

qfs 

Forward Transconductance 

< 

o 

CO 

II 

o 

< 

6" 

II 

00 

> 

8.0 


Siemens 

Cjss 

Input Capacitance 

Vds = 25V; Vgs = 0V 
f = 1 MHz 


3000 

pF 

CqsS 

Output Capacitance 



600 

PF 

Crss 

Reverse Transfer 



200 

pF 

*d(on) 

Turn-On Delay Time 

Vdd = 180V: Id = 8A 

Vgs= 10V: Rqen = 4.7ft 


35 

ns 

tr 

Rise Time 

Rqs “ 


65 

ns 


Turn-Off Delay Time 



150 

ns 


Fall Time 



75 

ns 

Qg 

Total Gate Charge 

Vqs = 10V; Id = 16A 

Vdd = 400V 


120 

nC 


Note 1:Tj = +25“Cto +150*C. 

Note 2: Pulse Test: Pulse Width ^ 80 jlis, Duty Cycle ^ 1%. 
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Process F3 


Typical Performance Characteristics 



Vqs-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-68 

FIGURE 1. Output Characteristics 





10 ° 10 ^ 102 
Vqs -DRAIN TO SOURCE VOLTAGE-V 


TL/G/10041-72 

FIGURE 5. Capacitance vs 
Drain to Source Voltage 



Iq-DRAIN CURRENT-A 

TL/G/10041-69 

FIGURE 2. Static Drain to Source 
Resistance vs Drain Current 



Tj - JUNCTION TEMPERATURE - ®C 


TL/G/10041-71 


FIGURE 4. Temperature Variation of 


Gate to Source Threshold Voltage 



Qg-TOTAL GATE CHANGE-nC 

TL/G/10041-73 

FIGURE 6. Gate to Source 
Voltage vs Total Gate Charge 
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Typical Performance Characteristics (Continued) 


Process F3 



10° 2 5 10^ 2 5 10^ 2 5 10^ 


Yds-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-74 

FIGURE 7. Forward Biased Safe Operating Area 

Typical Electrical Characteristics 

V|N 

^OUT 


TL/G/10041-76 

FiGURE 9. Switching Test Circuit 



TL/G/10041-75 

FiGURE 8. Transient Thermal Resistance vs Time 




Probe Testing 

Each die is probed and electrically tested to the limits speci¬ 
fied in the Electrical Characteristics Table. However, high 
current parameters and thermal characteristics specified in 
the packaged device data sheets cannot be tested or guar¬ 
anteed in die form because of the power dissipation limits of 
unmounted die and current handling limits of probe tips. 


These parameters are: 

Thermal Resistance 

Forward Voltage Drop at Rated Current 

Reverse Recovery Characteristics at Rated Current 

Surge Current 
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National 

Semiconductor 


Process F4 
N-Channel Power MOSFET 


T~ 

0.044 

( 1 . 12 ) 


0.112 


(2.29) 


0.034 


(0.87) 


r 

0.060 

(1.53) 





Gate 

L 

J 


Source 


0.033 

( 0 . 86 ) 


0.053 

(1.35) 

JL. 


0.260 

(6.59) 


(2.54) 


0.059 


(1.51) 
0.260 
■ (6.59) ■ 


-I 


TL/G/10041-78 


DESCRIPTION 

These dice are n-channel, enhancement mode, power 
MOSFETs designed especially for high power, high speed 
applications, such as power supplies, AC and DC motor 
control and high energy pulse circuits. 


This process is available in the following device types: 


TO-204 (Case 42) 

IRF450CF 

IRF450 

IRF451 

IRF452 

IRF453 


TO-247 (Case 40) 

IRFP450CF 

IRFP450 

IRFP451 

IRFP452 

IRFP453 


Electrical Characteristics Tc = 25‘*C (unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VdSS 

Drain to Source Voltage (Note 1 ) 

Id = 250 juA; Vqs = OV 

500 


V 

bss 

Zero Gate Voltage Drain 

Vds = Rated Voltage 

Vgs = OV 


250 

fiA 

Iqss 

Gate Leakage Current 

Vds = ± 20 V; Vds = ov 


±100 

nA 


Gate Threshold Voltage 

Id = 250 ]liA; Vds = Vqs 

2.0 

4.0 

V 


Static On-Resistance (Note 2) 

< 

o 

II 

_9 

> 

o 

II 

CO 

CD 

> 


0.4 

a 

Qfs 

Forward Transconductance 

Vds = 10V; Id = 7.0A 

6.0 


Siemens 



Vds = 25V; Vgs = ov 
f = 1 MHz 


3000 

PF 


Output Capacitance 



600 

PF 


Reverse Transfer 



200 

pF 

td(on) 

Turn-On Delay Time 

Vdd = 210V; Id = 7.0A 

Vgs = 10V; Rgen = 4.7a 


35 

ns 

tr 

Rise Time 

Rgs = 4.7a 


50 

ns 

td(off) 

Turn-Off Delay Time 



150 

ns 

tf 

Fall Time 



70 

ns 

Qg 

Total Gate Charge 

< 

CO 

II 

_9 

> o 
o o 

-sT 

II II 

CO Q 
CD Q 

> > 


120 

nC 


Note 1: Tj = +25“C to +150*C. 

Note 2: Pulse Test: Pulse Width ^ 20 ju.8, Duty Cycle ^ 1 %. 
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Process F4 


Process F4 


Typical Performance Characteristics 



0 1 2 3 4 5 6 7 

Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-79 

FIGURE 1. Output Characteristics 



0 1 2 3 4 5 6 7 

Vqs-gate to source voltage-V 


TL/G/10041-81 

FIGURE 3. Transfer Characteristics 



Vps-DRAIN TO SOURCE VOLTAGE-V 

TL/G/10041-83 

FIGURE 5. Capacitance vs 
Drain to Source Voitage 



0 4 8 12 16 20 


|0-DRAIN CURRENT-A 

TL/G/10041-80 

FIGURE 2. Static Drain to Source 
Resistance vs Drain Current 



-50 0 50 100 150 

Tj - JUNCTION TEMPERATURE - ®C 


TL/G/10041-82 

FiGURE 4. Temperature Variation of 
Gate to Source Threshoid Voitage 



0 20 40 60 80 100 

Qg-TOTAL GATE CHANGE-nC 

TL/G/10041-84 

FIGURE 6. Gate to Source Voltage 
vs Total Gate Charge 
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Transistor Glossary of Symbols 


DC PARAMETERS (Continued) 


hpE 


Common-Emitter DC Current Gain 

The ratio of DC collector current to DC base 
current measured at a specified collector-emitter 
voltage and a specified collector current. 


hpE - beta 


TL/XX/0125-6 


“ 1 ^ 1- a 




TL/XX/0125-7 


•CBO 


inverse Collector-Base Current 

The collector-base current with the junction 
reverse biased by a specified voltage, with the 
emitter open-circuited. 




TL/XX/0125-8 
■CEO = (/5 + 1) ICBO 


ICEX. 

Ices 


Inverse Collector-Emitter Current at a 
Specified Condition 

The collector-emitter current measured at a 
specified collector-emitter voltage with the base 
forward or reverse biased by a specified voltage 
or current, or with the base shorted to the 
emitter. 



<CEX/ICES 

, I 

- 7 —09—n 

oc. J 

r- — OM —o—[ 


^ ICEX > 

I j 

J 

Ll_ 


. VcE 


TL/XX/0125-9 


Iebo 


Inverse Emitter-Base Current 

The emitter-base current with the junction 
reverse biased by a specified voltage with the 
collector open-circuited. 




Veb . 


T 

Veb 



TL/XX/0125-10 


LVceO. 
LVceR. 
LVceS. 
LVcex. or 
VcEO (SUSt) 
VCER (SUSt) 
VcES (SUSt) 
VcEX (SUSt) 


Pulsed Limiting Breakdown Voltages 

These are similar to the corresponding, above 
defined, BV parameters but are measured at a 
specified high current point where collector- 
emitter voltage is lowest. The duration of the 
pulse and its duty cycle must be specified. The 
letter L indicates LIMITING Value and is 
measured outside the negative resistance zone 
of the reverse characteristic. 


LVceO. LVcER. LVceS. LVcex 


TL/XX/0125-11 



TL/XX/0125-12 


£ 

“l. 


rtro 


TL/XX/0125-13 
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DC PARAMETERS (Continued) 


VbE (ON) 


Unsaturated Base-Emitter Voltage 

The base-emitter voltage measured in the 
common-emitter connection at a specified 
collector to emitter voltage and specified 
collector current. 


VbEIQN) 


VbE(ON) 



J 


TL/XX/0125-14 

AVbe(ON) ^ At s 1.8 mV/^C - 2.4 mV/“C 


Vbe»on» 

mV 


TL/XX/0125-15 


VbE(SAT) 


VCE(SAT) 


Base-Emitter Saturation Voltage 

The base-emitter voltage measured in the 
common-emitter connection at a specified 
collector and base saturation currents. 
Collector-Emitter Saturation Voltage 
The collector-emitter voltage measured in the 
common-emitter connection at specified 
collector and base saturation currents. 


VbE(SAT). VcE(SAT) 



TL/XX/0125-16 


VsAT 



FORCED BETA 

TL/XX/0125-17 



LOG Ib 

TL/XX/0125-18 


Vrt Reach Through Voltage 

VpT Punch Through Voltage 

The collector-base voltage above which an 
increase of applied voltage can be measured in 
the emitter-base open circuit. 


SMALL SIGNAL PARAMETERS 


Cob 

Common-Base Output Capacitance 

The common-base output capacitance with 
input ac open. 

CAPACITANCE 

1)Cob 


OPEN 

MEASURE 

OUTPUT 

CAPACITANCE 



TL 

/XX/0125-19 

Cre 

Common-Emitter Reverse Transfer 
Capacitance 

This parameter is the imaginary port of Yre- 
When Ic = 0, Cre is identical to Ccb- 
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Transistor Glossary of Symbols 


SMALL SIGNAL PARAMETERS (Continued) 


Base-Emitter Capacitance 

The capacity of the base-emitter junction at a 
specified inverse voltage with the coilector 
open. 

Collector-Base Capacitance 

Collector-base capacitance measured at some 
specified collector-base voltage. 


Cob = CcB + 9 cE ^EB ^ ^ 

CCE + Ceb 

2)Ccb 

CcB = Cob (WITH EMITTER GUARDED) 


CGe, CGb Conversion Gain, Common-Emitter or 
Common-Base 

The ratio of the output power of a mixer, at one 
specified frequency, to its input power, at 
another specified frequency. This parameter is a 
function of osciilator injection voitage and the 
mixer operating point. 


TUNED TO fRF r 


CONVERSION GAIN 

1) SPECIFY Ic, VcE 

2) fRF, f|F LO LEVEL, CIRCUIT 


)( )( 


.TUNED TO I 


Vcc 

TL/XX/0125-21 


f|F = fRF - flO 


Common-Base Cut Off Frequency 

The frequency at which the hfb (a) is reduced to 
0.707 of its iow frequency value. 
Common-Emitter Cut Off Frequency 
The frequency at which the hf© (/3) is reduced to 
0.707 of its low frequency value. 

Gain Band-Width Product 
The common-emitter current gain bandwidth 
product in the frequency range where the 
current gain is falling at approximately 6 db/ 
octave. 

Transition Frequency 

The frequency at which the hf© (/3) Is equal to 
1.0. This is a device figure of merit that is often 
specified at a Vce and I©. 

Maximum Frequency of Oscillation 

This parameter Is a device figure of merit that is 
calculated from ft and rb’Cc. 



f _ MAX FREQUENCY OF OSCILLATION 
Tmax - frequency AT WHICH MAG = 1 
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SMALL SIGNAL PARAMETERS (Continued) _ 

GPe Common>Emitter Power Gain 

PG Power Gain 

Can be common-emitter or common-base. 
Usually stability-limited gains involved, thus are 
effectively a transducer gain measurement. 


Gje Common-Emitter T ransducer Gain 

A test fixture must be specified. 

GMA Stabiiity Limited Gain or Gain Maximum 
Avaiiabie 

This parameter is a device figure of merit and 
must be calculated from the two port “y” 
parameters. 

h Parameters 


hfe Common-Emitter Current Gain 

The common-emitter forward current transfer 
ratio with output ac shorted. This is a complex 
quantity. 


hje Common-Emitter input impedance 

The common-emitter input impedance with the 
output ac shorted. This is a complex quantity. 
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Transistor Glossary of Symbols 


SMALL SIGNAL PARAMETERS (Continued) 


Common-Emitter Output Admittance 

The common-emitter output admittance with the 
input ac open. This is a complex quantity. 



Vcelib = 0 


TL/XX/0125-27 


Common-Emitter Reverse Voltage Transfer 
Ratio 

The common-emitter reverse voltage transfer 
ratio with input ac open. This is a complex 
quantity. 


T 

_L 




Vco ib = 0 


TL/XX/0125-28 


MAG 


Maximum Avaiiabie Gain 

Device figure of merit that must be calculated 
from the two port “y” parameters. 


MAG = 10 LOG 


|Y2i|2 


4Re(Yii)Re(Y22) 


MSG 


Maximum Stabie Gain 

This parameter is a device figure of merit that is 
calculated from the two port “y” parameters. 


MSG = 10 LOG 


lYfel 

lYrel 


NF 


Noise Figure 

Noise figure = 10 logioF, where F is the ratio of 
total output noise power to the output power due 
solely to the thermal noise of the source 
impedance. 


NOISE FIGURE MUST SPECIFY 

1) VcE. Ic 

2) Rs. fo, PBW 



TL/XX/0125-29 


rbb'. fb' 


Base < < Spreading > > Resistance 

Equivalent to the real part of hje at some 
specified very high frequency. 


rb' MEASUREMENT 


+|X 



rb'Cc 


Collector Base Time Constant 

This parameter is a device figure of merit and is 
measured in a specified test circuit. 


r - COLLECTOR BASE TIME CONSTANT 
rb - SPECIFY — Iq, Vce, FREQUENCY 
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SMALL SIGNAL PARAMETERS (Continued) _ 

Common-Emitter Switching Parameters 

In the following, drive circuit conditions and 
collector circuit conditions must be specified. 

The transition times of the input must be 
negligible compared to the measured times, 
td^ Deiay Time 

The time interval during turn-on from the point 
when the input pulse at the base reaches 10% 

. . of its full amplitude to the point when the 

collector pulse changes from 0% to 10% of its 
maximum amplitude, 
tp J Rise Time 

The time interval during turn-on in which the 
collector pulse changes from 10% to 90% of its 
. maximum amplitude, 

ts Storage Time 

The time interval during turn-off from the point 
when the turn-off pulse at the base changes 
toFF from 100% to 90% of its full amplitude to the 
time when the collector current has changed 
from 100% to 90% of its maximum amplitude, 
tf J Faii Time 

The time interval during turn-off in which the 
collector pulse decreases from 90% to 10% of 
its maximum amplitude. 


SWITCHING PARAMETERS 



Ton = td + tr 
Toff = tg + tf 




t^-H kl 


!*•—ts—^ I 

TL/XX/0125-32 


Y Parameters 


Y PARAMETERS 



Y PARAMETERS ARE DEFINED BY 
h = yii ©1 + yi2 ©2 

'2 = y 21 ©1 + y 22 ©2 

OR IN COMMON EMITTER NOTATION 
il = yie ©1 + yre ©2 
'2 = yfe ©1 + yoe ©2 


Common-Emitter Forward Transfer 
Admittance 

The common-emitter forward transfer 
admittance with output AC shorted. This is a 
complex quantity (gf© + jbfe). 
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SMALL SIGNAL PARAMETERS (Continued) _ 

Y,e Common-Emitter Input Admittance 

The common-emitter input admittance with 
output AC shorted. This is a complex quantity 
(9ie + jbie)- 


Yoe Common-Emitter Output Admittance 

The common-emitter output admittance with 
input AC shorted. This is a complex quantity (goe 
+ jboe)- 


Y PARAMETERS—COMMON EMITTER 



TL/XX/0125-35 



TL/XX/0125-36 



Vbe 


= 0 


Yre Common-Emitter Reverse Transfer 
Admittance 

The common-emitter reverse transfer 
admittance with input AC shorted. This is a 
complex quantity (pre + jbre)- 



TL/XX/0125-37 


LARGE SIGNAL PARAMETERS 


V 

Collector Efficiency 

This parameter applies to oscillators and class C 
amplifiers, predominantly. It is defined as the 
ratio of RF Power Out/DC Power In. 

7] - COLLECTOR EFFICiENCY 

Po (RF) Vi 


P|N(DC) 

Ic X VcE 

Po 

Power Out 






This parameter appiies to oscillators. The units 




J 

POWER 



are Watts and a test circuit must be specified. 




1 

METER 




TL/XX/0125-38 

SPECIFY - Ic VcE UNDER QUIESCENT CONDITIONS 
~ fo. Rload 


THERMAL PARAMETERS 


Rth 

Internal Junction-to-Case Thermal 

Resistance 



The rated increase of junction temperature with 
respect to the case temperature per unit of 
dissipated power. It is called Thermal 

Resistance with infinite heat sink. 


^JC 

Junction-to-Case Thermal Rating 


^JA 

Junction-to-Ambient Thermal Rating 
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Diode and Rectifier 
Giossary of Symbois and Terms 


BV Breakdown Voitage: Figure 1 shows the reverse 
characteristic of a typical silicon diode. Breakdown voltage 
is generally the reverse voltage at a point beyond the 
“knee” of the reverse characteristic. In Figure /, the break¬ 
down voltage is specified at a reverse current of Ipg. 

C Capacitance: Diode capacitance is measured at a 
specified reverse voltage using an AC signal of specified 
frequency. When capacitance is measured at Vr = 0, this 
is sometimes denoted by the symbol Cq. 

Cc Case Capacitance: This is that part of a diode’s total 
capacitance which is attributable to the diode package, 
fo Series Resonant Frequency: The frequency of oscilla¬ 
tion of the tuned circuit formed by the capacitance and in¬ 
herent series inductance of the diode, 
ip Continuous Forward Current (Rating): The maximum 
direct current that can be safely passed through a diode in 
the forward direction. 

ip Forward Current: The direct current passing through a 
diode in the fon/\^ard direction. 

if Forward Current: The forward current passing through 
a diode operated under switching conditions. See Figure 3. 
if Peak Repetitive Forward Current: The maximum val¬ 
ue of the peak point of a current that can safely be passed 
through a diode in the forward direction. This is a continuous 
(i.e. repetitive) rating. 

ifgurae Forward Surge Current: The maximum val¬ 

ue of the peak point of a single cycle of current that can 
safely be passed through a diode in the forward direction. 
This is not a continuous rating. 

•fsm Forward Surge Current: This rating is the 

same as If(surge) generally applied to rectifiers. 

Iq Average Rectified Current: The average value of the 
forward current passing through a diode; as a rating, the 
maximum value of such current that can safely be passed, 
ip Reverse Current: The leakage current which flows in 
the reverse direction through a diode when a reverse volt¬ 
age is applied to the diode. Referring to Figure 1, Ir is usual¬ 
ly measured at a specified reverse voltage at a point below 
the “knee” on the reverse characteristic. 

Ir Reverse Current: The peak value of reverse curent 
which occurs immediately after switch-off. The value of Ir is 
limited by the circuit, which determines that rate at which 
stored charge can be dissipated. See Figure 3. 

Irr Reverse Current: The steady value of reverse current 
at equilibrium after switch-off. See Figure 3. 

Irav Average Reverse Current: The average reverse 
current which flows when AC voltage is applied across a 
diode. 


IpM Reverse Recovery Current: The peak value of re¬ 
verse current which flows immediately after switching ap¬ 
plied voltage from the forward to the reverse direction. Irm 
is the same as Ir, generally used for rectifiers. 

Ipx Reverse Current: Irx is the symbol used to denote 
the reverse current of a single diode in an array at a time 
when all other diodes in the array are passing forward cur¬ 
rent. It is a measure of cross-talk between diodes. 

Iz Zener Current: The reverse current which flows in a 
zener diode at a point beyond the knee in the reverse char¬ 
acteristic. See Figure 2. 

IZsurge Maximum Zener Surge Current: The maximum 
value of the peak point of a single cycle of current that can 
safely be passed through a zener diode in the reverse direc¬ 
tion. This is not a continuous rating. 

IzM Maximum Zener Current: The maximum value of di¬ 
rect current that can safely be passed through a zener diode 
In the reverse direction. 

Ls Series Inductance: Series inductance that is inherent 
in the construction of a diode, normally measured between 
two specified points on the diode leads. 

Nd Noise Density: A measurement of the noise generat¬ 
ed within a zener diode, both due to zener breakdown and 
Internal resistance. Noise density, measured in microvolts 
rms per square root cycle, can be used to calculate rms 
noise over any frequency range. 

NF Noise Figure: This is a ratio used to measure the 
noise generated within a diode. The ratio used is total out¬ 
put noise compared to that part of output noise due to input 
noise This ratio, when multiplied by 10 logio, is known as 
noise figure and is measured in decibels (dB). 

Q Figure of Merit: Generally used as a measure of the 
“quality” of varactor diodes, Q, the figure of merit, is defined 
as the ratio of energy stored to energy dissipated. 

Qs Stored Charge: The charge stored in a diode when 
passing current in the forward direction. Stored charge is 
usually measured by switching the diode off and measuring 
the area of the I versus t curve from switchoff to equilibrium. 
See Figure 3. 

Rd Dynamic Resistance: Small signal resistance of a di¬ 
ode operating in the reverse direction determined by the 
small signal or AC values of reverse current and reverse 
voltage. This parameter is of particular importance in varac¬ 
tor diodes. 

Tdiff Differential Resistance: Small signal resistance of a 
diode operating in the forward direction determined by the 
small signal or AC values of forward current and forward 
voltage. 

RE Rectification Efficiency: The ratio of DC load voltage 
to peak RF input voltage to a detector. 
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Diode and Rectifier 

Giossary of Symbois and Terms (Continued) 


Reverse Characteristic 


Zener Diode Reverse Characteristic 




ZENER CURRENT 
LEAKAGE CURRENT 


Vr-reverse voltage 


Vr-reverse voltage 


Reverse Recovery Characteristic 


Forward Recovery Characteristic 





— V—Hi Vf 

. L 


FIGURE 3 

Rs Series Resistance: Small signal resistance of a diode 
operating in the forward direction determined by the small 
signal or AC values of forward current and forward voltage. 
Same as rditf. 

TC Temperature Coefficient: A coefficient which deter¬ 
mines the variation of various parameters (e.g. Capacitance, 
Zener voltage, forward voltage) with temperature. A sub¬ 
script is often used to denote the parameter to which the 
temperature coefficient refers. 

tfr Forward Recovery Time: The time interval between 
the point at which a diode is turned on and the point at 
which the forward voltage comes to within 10% of its equi¬ 
librium level. See Figure 4. 

trr Reverse Recovery Time: The time interval between 
the point at which a diode is turned off and the point at 
which the reverse current comes to within 10% of its equilib¬ 
rium level. See Figure 3. 

Vp Forward Voltage: The voltage applied across a diode 
in the forward direction (anode more positive than cathode). 


VpAV Average Forward Voltage: The average value of 
forward voltage when current is being passed through a di¬ 
ode in the forward direction. 

Vfr Forward Recovery Voltage: The peak value of for¬ 
ward voltage reached immediately after switch-on. The val¬ 
ue of Vfr Is limited by the circuit in which the diode is operat¬ 
ing. 

Vpx Forward Voltage: Vpx is the symbol used to denote 
the forward voltage of a single diode in an array at a time 
when the condition of the other diodes in the array is de¬ 
fined. it can be used as a measure of cross-talk between 
diodes. 

VpK Peak Forward Voltage: The peak value of forward 
voltage reached immediately after switch-on. Same as Vfr. 
Vr DC Blocking Voltage Rating: The continuous reverse 
voltage at which a rectifier can be safely operated without 
going beyond the “knee” in the reverse characteristic 
(Figure 1). 


12-12 




Diode and Rectifier 

Glossary of Symbols and Terms (Continued) 


Vr Reverse Voltage: The voltage applied across a diode 
in the reverse direction (anode more negative than cath¬ 
ode). 

Vrrm Peak Repetitive Reverse Voltage: The maximum 
value of the peak point of a reverse voltage that can be 
safely applied to a diode. This is a continuous (i.e. repetitive) 
rating and includes all repetitive transient voltages. 

VRrms Reverse Voltage: The maximum rms value of 
a reverse voltage that can be safely applied to a diode. 
Vrwm Working Peak Reverse Voltage: The maximum 
value of the peak point of a reverse voltage that can be 
safely applied to a diode. This is not a continuous rating and 
does not include transient voltages. 

Vz Zener Voltage: The reverse voltage across a zener 
diode at a point where zener current is flowing. See 
Figure 2. 


WIV Working Inverse Voltage: The maximum reverse 
voltage at which a diode can be operated below the “knee” 
on the reverse characteristic. See Figure 1. 

Zz Zener Impedance: The small signal impedance of a 
zener diode operating in the zener region, determined by 
the small signal or AC values of zener current and zener 
voltage. 

ZzK Zener Knee Impedance: Zener impedance mea¬ 
sured at a defined point on the “knee” of the zener charac¬ 
teristic (See Figure 2). 

AIr Reverse Current Match: The difference in reverse 
current between any two diodes measured under the same 
condition for each. 

AVp Forward Voltage Match: The difference in forward 
voltage between any two diodes measured under the same 
conditions for each. 
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JFET Glossary of Symbols 


DC Parameters 


BVdgo(V) 
or BVqdo 


Drain-Gate Breakdown Voltage with 
Source Open Circuited 

The breakdown voltage of the drain-gate 
junction, measured at a specified current 
with the source open-circuit. 



BVsgo{V) 
or BVqso 


Source-Gate Breakdown Voitage with 
Drain Open-Circuited 

The breakdown voltage of the source- 
gate junction, measured at a specified 
current, with the drain open-circuited. 



TL/XX/0126-2 


BVgss(V) 
or BV, V(br)gss 


Source-Gate Breakdown Voitage with 
Drain-Source Shorted 

The breakdown voltage of the source- 
gate and drain-gate junctions, measured 
at a specified current with the drain- 
source shorted. 



TL/XX/0126-3 


Idgo(pA) 
or Iqdo 


Drain-Gate Leakage Current, Source 
Open-Circuited 

The leakage current of the drain-gate 
junction, measured at a specified voltage, 
with the source open-circuited. 


<600 



r‘~r% 

0—H 

Vdg 2 

l T 


TL/XX/0126-4 


iD(jaA) 

or Id(ON) 


Id(off)(pA) 


Drain ON Current 

The drain current, measured at a specified 
drain-source voltage and gate-source 
voltage. 


Drain Cutoff Current 

The drain cutoff current, measured at a 
specified drain-source voltage and gate- 
source voltage. 



1 

±1 

1 / t ' 

1 Vos ^ 

2: ''Gs 


'T 

t .j , 

1 

_ 1 


TL/XX/0126-5 


loss (mA) 


Drain Saturation Current 

The drain current, measured at a specified 
drain-source voltage with the source 
shorted to the gate (Vqs = 0) 


>DSS 

r _j 
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DC Parameters (Continued) 


Ig(pA) 
or Ig(ON) 


Gate Leakage Current with Drain 
Current Fiowing 

The gate leakage current, measured at a 
specified drain current and drain-gate 
voltage. 




Igss(pA) 


Gate-Source Reverse Leakage Current 
with Drain-Source Shorted 

The gate-source reverse leakage current 
measured at a specified gate-source 
voltage. 



ISGO(PA) 

or Iqso 


Source-Gate, Reverse Leakage Curent 
with Drain Open-Circuited 

The leakage current of the source-gate 
junction, measured at a specified voltage, 
with the drain open-circuited. 



DS(n) or rds. 
Rds. rDS(ON) 


VdS(ON) (mV) 


VgS(F)(V) 


Drain-Source ON Resistance 

The drain-source ON resistance, 
measured at a specified gate-source 
voltage and drain current. 

Drain-Source ON Voltage 

The drain-source ON voltage, measured 
at a specified gate-source voltage and 
drain current. 





Forward Gate-Source Voltage 

The forward gate-source voltage, 
measured at specified current. 



Vgs(OFF)(V) Gate-Source Cutoff (Pinch-Off) Voltage 

or Vp The gate-source cutoff voltage, measured 

at a specified drain current and drain- 
source voltage. 


i-d i 


_ 

il 

1/ 1 

Vps ± 

E 0VOS 



E-X —, 

\ 
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JFET Glossary of Symbols 


Small Signal Parameters 


Ciss(pF) 
or Cjs, Cgss 


Common-Source Input Capacitance 

The common-source input capacitance 
measured between the gate and source 
with the drain A~C shorted to the source 
at specified drain-source and gate-source 
voltages. 



Coss(PF) 
or Cqsj C(jss 


Common-Source Output Capacitance 

The common-source output capacitance, 
measured between the drain and source 
with the source A-C shorted to the gate 
at specified drain-source and gate-source 
voltages. 



Crss(pF) 

orCrs.Cdg 


Common-Source Reverse Transfer 
Capacitance 

The common-source reverse transfer 
capacitance, measured between the drain 
and gate at specified drain-source and 
gate source voltages. 



en (nV/A/Hz 
or On> Vn. En 


Equivalent Input Noise Voltage 

The equivalent input noise voltage per unit 
bandwidth, measured with the input A-C 
shorted to the source at a specified 
operating condition. 



TL/XX/0126-17 


gfg(mV) (mn) 
oryfg 


Common-Gate Forward 
Transconductance 

The common-gate forward 
transconductance with the output A-C 
shorted. This is a complex quantity (gfg + 
ibfg)- 



TL/XX/0126-18 


VgsIVdS =0 


gfs(mV)(mft) 

orgm.Yfs, 

RelYfel 


giss (>*v) (jiSi) 

orYis 


Common-Source Forward 
Transconductance 

The common source forward 
transconductance with the output A-C 
shorted. This is a complex quantity (gfs + 
ibfs)-_ 


Yfs = 


Common-Source Input Conductance 

The common-source input conductance 
with the output A-C shorted. This is a 
complex quantity (gis + jbis). 



: Jg 

VqsI Yds == 0 


TL/XX/0126-19 
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Small Signal Parameters (Continued) 


9oss 
or Yos 


Common-Source Output Conductance 

The common source output conductance 
with the input A~C shorted. This is a 
complex quantity (gos + jbos)- 



YoR ~ 


Ip 

Vds Vqs = 0 


TL/XX/0126-20 


Gpg(dB) 


Common-Gate Power Gain 

The common-gate power gain is the ratio 
of output power to input power. 


Gps(dB) 


Common-Source Power Gain 

The common-source power gain is the 
ratio of output power to input power. 


Pr» 

Gp = 10 logic 


in (pA/VFE) 


Equivalent Input Noise Current 

The equivalent input noise current 
measured with the input open-circuited 
under specified operating conditions. 




TL/XX/0126-21 


NF (dB) 


Spot Noise Figure 

Noise figure = 10 logic F were F is noise 
factor which is the ratio of the total output 
noise power to the output noise power of 
the source. Measured at specified 
operating conditions and source 
resistance. 


F = 


Total Output Noise Power 
Source Output Noise Power 


Common-Source Switching Parameters 


In the following, drive circuit conditions and drain circuit 
conditions must be specified. The transition times of the input 
must be neglible compared to the measured times. 

tci(ns) 

Turn-On Delay Time 

The time interval during turn-on from the 
point when the input pulse at the gate 
reaches 10% of its full amplitude to the 
point when the drain pulse changes from 

0% to 10% of Its maximum amplitude. 

tr(ns) 

Rise Time 

The time interval during turn-on in which 
the drain current pulse changes from 10% 
to 90% of its maximum amplitude. 

tdCns) 

Turn-Off Delay Time 

The time interval during turn-off from the 
point when the turn-off pulse at the gate 
changes from 100% to 90% of its full 
amplitude to the time when the drain 
current has changed from 100% to 90% 
of its maximum amplitude. 

tf(ns) 

Fan Time 

The time interval during turn-off in which 
the drain current pulse decreases from 

90% to 10% of its maximum amplitude. 


Rl 



VOUT 


TL/XX/0126-22 


Id(on) 


^ VpD - VdS(ON) 
Rl 
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JFET Glossary of Symbols 


Dual FET Parameters 


BVgi,G 2(V) 
or BVgi -2 


Gate to Gate Breakdown Voltage 

The breakdown voltage of the gate to 
gate junctions, measured at a specified 
current. 



ig 


CMRR (dB) 
or CMR 


Common-Mode Rejection Ratio 

The common-mode rejection ratio is the 
ratio of the change in differential gate 
voltage with a change in the drain to gate 
voltage. 


CMRR = 20 logic 


AVpG 

AVos 


gfsi -2(%) 
or gfsi/gfs2 


goss1 -2(M'V) 
or gosl -2 


Common-Source Forward 
Transconductance Ratio (Match) 

The transconductance ratio = gfsi/gfs 2 
X 100% measured at specified drain-gate 
voltage and drain current. 

Common-Source Output Conductance 
(Match) 


TL/XX/0126-24 



Idssi- 2 (°/<») or 
Idsi-2. 

IdSSi/IdSS2 


Ig 1-2 (pA) 


iG1.G2(pA) 


Output conductance match = |gosi ~gos2l 
measured at specified drain-gate voltage 
and drain current. 

Drain Saturation Current Ratio (Match) 

The drain saturation current ratio = 
Idssi/IdsS 2 ^ 100% measured at 
specified drain-source voltages. 

Differential Gate Leakage Current 

Differential gate leakage current = |Igi- 
IG 2 I measured at specified drain-gate 
voltage and drain current. 

Gate to Gate Reverse Leakage Current 

The gate to gate reverse leakage 
measured at a specified voltage 
monolithic dual with diode isolation 
shown. 


•g1,G2 
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Dual FET Parameters (Continued) 


Vgsi- 2 (niV) 
or AVqs, Vos, 
1Vgsi-VgS2I 


Differential Gate-Source Voltage 

The differential gate-source voltage, measured at a 
specified drain-gate voltage and drain current. 


AVGS1-2(fAV/‘*C) 
or a|Vgsi -Vgs 2 |/^T 
AVqs/AT 


Differential Gate-Source Voltage Drift 

The differential gate-sorce voltage drift is the 
change in the differential gate-source voltage with a 
change in device temperature at a specified 
operating condition. 


^VqS ^ (Vgs1-VgS2)|Ti - (VgS1-VgS2)|T2 
AT T 1 -T 2 
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Choose the Proper FET 


National 

wtmt Semiconductor 


Choose the Proper FET 


National Semiconductor utilizes 17 different FET geome¬ 
tries to cover, without compromise, the full spectrum of ap¬ 
plications. Detailed data on each process, along with a list 
of ail part numbers manufactured from each process, is to 
be found in Section 11. 


To further simplify the selection procedure, the FET Family 
Tree is included for quick identification. After narrowing 
down the process types, it is suggested that the process 
sheets and specific part number characteristics be consult¬ 
ed. 


FET FAMILY TREE 


1 N-CHANNEL SINGLES 

1 

P-CHANNEL SINGLES 

11 

N-CHANNEL DUALS I 

1 


.._„1.-. 


1 


GENERAL PURPOSE AMP 
P50 - Qfg 3-7 mmhos 
bss 1“20mA 
P52 - Qfg 0.5-3 mmhos 
Iqss 0*1 “"10 mA 
P55 - Qf. 0.8-5 mmhos 
loss 0-5-17 mA 


GENERAL PURPOSE AMP 
P88 - gfj4-17 mmhos 

loss 

P89 - gf, 1-4 mmhos 
Ipss 0*3-20 mA 


GENERAL PURPOSE 
P83 - Ig 3 pA @20V 

gfg 0.85 mrnho ® 0.2 mA 
P94 - IgI pA@35V 
CMRR125dB 


rfahf/uhf 

P50 -G 12dB(»400MHz 
gf3 5.5 mmhos 

P90 -Gp^ll dB@450MHz 
gf3 8 mmhos 

P92 - Gpg12dB@450MHz 
gfgi9 mmhos 


SWITCH/CHOPPER 
P88 - rDs50-200n 
lD(oFn50 pA 
P89 - ros 45011 

lD(oFF)20pA 


ULTRA-LOW INPUT CUR 
P84 -1 pA®25V 
gf3175)umho 


ULTRA-LOW LEAKAGE AMP 

P50 -lGss5pA@20V 
g^gO-? mmhos 
P53 - less 0.3 pA® 20V 
gig 0.08-0.3 mmhos 


WIDE BAND-LOW NOISE 
P93 - gfs 6 mmhos @ 5 mA 
C,g4.2pF 

P96 - gfs 9 mmhos @ 2 mA 
CjglOpF 


LOW FREQ-LOW NOISE AMP 
P50 -e-8nV/yHz01OHz 
C^SpF 

P51 -«„6nV/-/Hz®10H2 
gfg 20 mmhos 


LOW FREQ-LOW NOISE 
P95 -en8nV//Hz®10Hz 
gfg 1-4 mmhos 
P96 -en7nV/yHz®10Hz 
gfs 10-22 mmhos 


SWITCH/CHOPPER 
P50 - rps 100-500^1 
‘d(0FF)5pA 
P51 - rDs20-100A 

•[)(0FF)^5pA 

P58 - rDs3-20n 

Id(0PF)50pA 
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0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 

gs(off)"®ate-source cutoff voltage (V) 


0.1 0.5 1 5 10 50 100 

g,,-TRANSCONDUCTANCE (mmho) 

Monolithic Dual 
FET Process 
Distribution loss vs gfs 


0.5 1 5 10 50 100 

f,-TRANSCONDUCTANCE (mmho) 



0.1 0.5 1 5 10 50 100 

gfs-TRANSCONDUCTANCE (mmho) 
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FET Application Guide 

National Semiconductor manufactures a broad line of silicon Junction Field Effect Transistors (JFETs). National’s JFETs provide 
excellent performance in many areas such as RF amplifiers, analog switching, low input current amplifiers, low noise high 
impedance amplifiers and outstanding matched duals for operational amplifiers input applications. 

The following FET guides enable the user to determine when to use FETs and where to look for the best choice. 


Popular Product 
Types 
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PROCESS DESIGNATION 



50 

51 

52 

53 

55 

58 

59 

83 

84 

88 

89 

90 

92 

93 

94 

95 

96 

98 

Low Current Amplifier 



S 

P 

S 



P 

P 


P 




P 

P 


Q 

Low Freq Ampli ^ 100 Hz 



S 


S 



P 


S 

S 




P 

P 


3 

High Freq Ampli >100 MHz 

P 











P 

P 

P 



P 

9 

General Purpose Amplifier 

P 


P 


P 






P 







9 

Low Noise Amp (10 Hz (in) 

S 

S 



s 

s 

S 

P 







P 

P 

P 

9 

Low Noise Amp > 50 MHz 

P 




s 







P 

P 

P 



P 

9 

High Frequency Mixer 

P 











P 

P 





9 

Dual DIff Pair 








P 

P 





P 

P 

S 

P 

9 

AGC Amplifier 

P 




p 













9 

Electrometer Preamp 




P 





P 






P 



s 

Microvolt Amplifier 




P 





P 






P 



p 

Low Leakage Diode 




P 















Diff/Angle Ended Inp. Stag. 








P 

P 





P 

P 


P 

p 

Active Filter 

P 


s 


p 






s 








Oscillator 

P 


_s^ 


p 






s 

P 

P 






Voltage Variable Resistor 

P 

P 

_s_ 


p 





P 

p 







p 

Hybrid Chips 

P 

P 


P 

p 



P 

P 

P 

p 








Analog/Digital Switch 


P 




p 

P 



P 








s 

Multiplexing 

P 

P 



s 

s 

s 



P 









Choppers 


P 




p 




P 







P 


Nixie Drivers 



















Reed Relay Replacement 






p 

p 












Sub pA Dual Diff Pair 









P 










Sample-Hold 

P 

P 



s 





P 








p 

Buffer Interface to CMOS 










P 

p 








Matched Switch 








S 






S 

S 


P 

p 

HF > 400 MHz Prime 












P 

P 






Current Limiter 


P 








P 









Current Source 



p 

S 

p 






s 









P— Prime Choice 
S— Secondary (Alternate) Choice 
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FET Application Guide (continued) 

Advantages of Using Field-Effect Transistors (Continued) 

Application 

Advantages 

Final Assembly Where Used 

DC Amplifiers 

High Zin 

Low Drift Duals 

Low Noise 

Transducers, Military Guidance 

Systems, Control Systems, Temp 

Indicators, Multimeters 

Low Frequency 

Amplifiers 

Small Coupling Capacitors 

Low Noise, Distortion 

High Input Impedance 

Sound Detection, Microphones, 

Inductive Transducers, Hearing Aids, 

High Impedance Transducers 

Operational 

Amplifiers 

Summing Point Essentially 

Zero. Low Device Noise. 

Less Loading of Transducers 

Control Systems, Potted Op Amps, 

Test Equipment, Medical Electronics 

Medium and High 

Frequency 

Amplifiers 

Low Cross Modulation 

Low Device Noise 

FM Tuners, Communication Received 

Scope Inputs, Most Instrumentation 

Equipment, High Impedance Inputs 

Mixer—100 MHz 
and Up 

Low Mixing Noise 

Low Cross Modulation 

FM Tuners, Communication Receivers 

Oscillators 

Low Drift 

Transmitters, Receivers, Organ 

Logic Gates 

Virtually Infinite Fan in 

Simplified Circuitry 

Zero Storage Time 

Symmetrical 

Guidance Controls, Computer Market 

Mini Military Teaching Aids, Traffic 

Control, Telemetry 

Choppers 

Zero Offset 

Low Leakage Currents 

Simplified Circuitry 

Eliminates Input Transformers 

Op Amp Modules Guidance Controls 
Instrumentation Equipment 

AD Converters 

Multiplex Switching 
(Arrays) and Sample Hold 

Improved Isolation of input 
and Output. Zero Offset. 

Symmetrical. Low Resistance 
Simplified Circuitry 

Control System, DVM’s and Any Read¬ 
out Equipment, Medical Electronics 

Relay Contact 

Replacement 

Solid State Reliability 

Zero Offset, High Isolation 
Symmetrical 

No Inductive Spring 

No Contact Bounce 

High Repetition Rate 

Test Equipment, Airborne Equipment 
Instrumentation Market 

Voltage Variable 

Resistor 

Symmetrical 

Solid State Reliability 

Functions as Variable Resistor. 

Low Noise. High Isolation 

Improved Resolution 

Organ, Tone Controls, Control Circuits to 

Input Operational Amplifiers 

Current Limiters 

Sources 

Two Lead Simplicity 

Wide Selection Range 

Low Voltage Operation 

Hybrid Circuits, Amplifiers, Power Supply 
Protection, Timing Circuits, Voltage 

Regulators 
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Important Parameters by Application 

Listed in Approxmiate Order of importance 


Low 

Source 

Eiectrometer 

Low 

Low 

High 

Osciiiator 

Differentiai 

Anaiog 

and 

Frequency 

Ampiifier 

Foiiower 

Ampiifier 

Drift 

Ampiifier 

Noise 

Ampiifier 

Frequency 

Ampiifier 

Ampiifier 

Digitai 

Switch 

Yfs 

Yfs 

Iq 

Idz 

©n 

Re(yfs) 

yfs 

|Vqsi - VqszI 

RDS(on) 

loss 

Iq 

yfs 

yfs @ Idz 

Ig 

Re(yfs) 

Idss 

a|Vqsi - VQS 2 I 
AT 

iD(off) 

VGS(off) 

Cfss 

Idz 

Vgs ® Idz 

In 

NF 

Cfss 

|Igi “ IG 2 I 

Cjss 

Cjss 

Qss 

©n 

Iq 

yfs 

Orss 

Qss 

Ig 

Crss 

Cfss 

loss 

9os 

BVqss 

Idss 

R©(yos) 

VGS(off) 

yfs 

VGS(off) 

©n 

VGS(off) 



VGS(off) 

Idss 

BVqss 

yfsl /yfs2 

BVqss 

bvgss 

BVqss 




VGS(off) 


Iyosi - yos2l 









CMRR 









VQS(off) 
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Introduction to Power 
Supplies 


National Semiconductor 
Application Note 557 
Ralph E. Locher 



INTRODUCTION 

Virtually every piece of electronic equipment, e.g., comput¬ 
ers and their peripherals, calculators, TV and hi-fi equip¬ 
ment, and instruments, is powered from a DC power source, 
be it a battery or a DC power supply. Most of this equipment 
requires not only DC voltage but voltage that is also well 
filtered and regulated. Since power supplies are so widely 
used in electronic equipment, these devices now comprise 
a worldwide segment of the electronics market in excess of 
$5 billion annually. 

There are three types of electronic power conversion devic¬ 
es in use today which are classified as follows according to 
their input and output voltages: 1) the AC/DC power supply; 
2) DC/DC converter; 3) the DC/AC inverter. Each has its 
own area of use but this paper will only deal with the first 
two, which are the most commonly used. 

A power supply converting AC line voltage to DC power 
must perform the following functions at high efficiency and 
at low cost: 

1. Rectification: Convert the incoming AC line voltage to DC 
voltage. 

2. Voltage transformation: Supply the correct DC voltage 
level(s). 

3. Filtering: Smooth the ripple of the rectified voltage. 

4. Regulation: Control the output voltage level to a constant 
value irrespective of line, load and temperature changes. 


5. Isolation: Separate electrically the output from the input 
voltage source. 

6. Protection: Prevent damaging voltage surges from reach¬ 
ing the output; provide back-up power or shut down dur¬ 
ing a brown-out. 

An ideal power supply would be characterized by supplying 
a smooth and constant output voltage regardless of varia¬ 
tions in line voltage, load current or ambient temperature at 
100% conversion efficiency. Figure 1 compares a real pow¬ 
er supply to this ideal one and further illustrates some power 
supply terms. 

LINEAR POWER SUPPLIES 

Figure 2 illustrates two common linear power supply circuits 
in current use. Both circuits employ full-wave rectification to 
reduce ripple voltage to capacitor Cl. The bridge rectifier 
circuit has a simple transformer but current must flow 
through two diodes. The center-tapped configuration is pre¬ 
ferred for low output voltages since there is just one doide 
voltage drop. For 5V and 12V outputs, Schottky barrier di¬ 
odes are commonly used since they have lower voltage 
drops than equivalently rated ultra-fast types, which further 
increases power conversion efficiency. However, each di¬ 
ode must withstand twice the reverse voltage that a diode 
sees in a full-wave bridge for the same input voltage. 



PEAK-TO-PEAK 
RIPPLE VOLTAGE 


TIME 


FIGURE. 1. Idealized Power Supply 


TL/G/10061-1 






FIGURE 2. Linear Voltage Regulator 


12 


12-25 


AN-556 




AN-556 


The linear voltage regulator behaves as a variable resist¬ 
ance between the input and the output as it provides the 
precise output voltage. One of the limitations to the efficien¬ 
cy of this circuit is due to the fact that the linear device must 
drop the difference in voltage between the input and output. 
Consequently the power dissipated by the linear device is 
(Vi - Vo) X Iq. While these supplies have many desirable 
characteristics, such as simplicity, low output ripple, excel¬ 
lent line and load regulation, fast response time to load or 
line changes and low EMI, they suffer from low efficiency 
and occupy large volumes. Switching power supplies are 
becoming popular because they offer better solutions to 
these problems. 

SWITCHING POWER SUPPLIES 
Pulse Width Modulation 

In the early 60’s, switching regulators started to be designed 
for the military, who would pay a premium for light weight 
and efficiency. One way to control average power to a load 
is to control average voltage applied to it. This can be done 
by opening and closing a switch in rapid fashion as being 
done in Figure 3. 

The average voltage seen by the load resistor R is equal to: 

Vo(avg) “ (f(on)/T) ^ Vj (A) 

Reducing t(on) reduces Vo(avg)- This method of control is 
referred to as pulse width modulation (PWM). 


Buck Regulator 

As we shall see, there are many different switching voltage 
regulator designs. The first one to be considered because of 
its simplicity is the buck regulator (Figure 4), also known as 
a step-down regulator since the output voltage as given by 
equation (A) is less than the input voltage. A typical applica¬ 
tion Is to reduce the standard military bus voltage of 28V to 
5V to power TTL logic. 

At time t(o) in Figure 4, the controller, having sensed that the 
output voltage V© is too low, turns on the pass transistor to 
build up current in L, which also starts to recharge capacitor 

C. At a predetermined level of V©, the controller switches off 
the pass transistor Q, which forces the current to free wheel 
around the path consisting of L, C, and the ultra-fast rectifier 

D. This effectively transfers the energy stored in the induc¬ 
tor L to the capacitor. Inductor and capacitor sizes are in¬ 
versely proportional to switching frequency, which accounts 
for the increasing power density of switching power sup¬ 
plies. Power MOSFETs are rapidly replacing bi-polar transis¬ 
tors as the pass transistor because of their high frequency 
capability. Since the pass transistor must not only carry load 
current but reverse recovery current of diode D, an ultra-fast 
recovery diode is mandatory. 



FIGURE 3. Example of Pulse Width Modulation 
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FIGURE 4. Buck Regulator Circuit with Voltage and Current Waveforms 






TIME 



FIGURE 5. Boost Regulator and Associated l/V Waveforms 
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Boost Regulator 

A second type of regulator shown in Figure 5 is capable of 
boosting the input voltage. Applications for this circuit would 
be to increase 5V battery sources to 15V for CMOS circuits 
or even to 150V for electro-luminescent displays. 

The concept of this circuit is still the same as the previous, 
namely to transfer the energy stored in the inductor into the 
capacitor. The inductor current can ramp up quickly when 
the transistor switch is closed at time t(o) since the full input 
voltage is applied to it. The transistor is turned off at time t(i) 
which forces the inductor current to charge up the capacitor 
through the ultra-fast diode D. Since the energy stored in 
the inductor is equal to L x I x Va, the PWM IC can increase 
Vq by increasing its own on-time to increase the peak induc¬ 
tor current before switching. The transfer function is: 

Vo = V|N (T/(T - t(on))) (B) 

Inverting Regulator 

Figure 6 shows a switching circuit which produces an output 
voltage with the opposite polarity of the input voltage. This 
circuit works in the same fashion as the boost converter but 
has achieved the voltage inversion by exchanging positions 
of the transistor and inductor. The circuit is also known as a 
buck-boost regulator since the absolute magnitude of the 


output voltage can be higher or lower than the Input voltage, 
depending upon the ratio of on-time to off-time of the pass 
transistor. 



Flyback Converter 

The three previous regulators are suitable for low voltage 
control when no electrical Isolation is required. However in 
off-line switchers operating from 110V/220V mains, electri¬ 
cal Isolation is an absolute must. This is achieved by using a 
transformer in place of the inductor. The flyback converter 
shown in Figure 7 is commonly used in power supplies up 
through 1 SOW, which is sufficient for most personal comput¬ 
ers, many test instruments, video terminals and the like. 




FIGURE 7. Flyback Converter 
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BALUN FILTER 


FIGURE 8. Complete Flyback Switching Suppiy 
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Since the transformer operates at high frequency, its size is 
much smaller than a 50 Hz/60 Hz transformer shown in 
Figure 2. Within certain frequency limits, transformer size is 
inversely proportional to frequency. 

Inspection of the switching waveforms in Figure 7 shows 
that the circuit behaves very similarly to the boost regulator. 
The transformer should be regarded as an inductor with two 
windings, one for storing energy in the transformer core and 
the other for dumping the core energy into the output ca¬ 
pacitor. Current increases in the primary of the transformer 
during the on-time of the transistor (t(o) - t(i)) but note that 
no secondary current flows because the secondary voltage 
reverse biases diode D. When the transistor turns off, the 
transformer voltage polarities reverse because its magnetic 
field wants to maintain current flow. Secondary current can 
now flow through the diode to charge up the output capaci¬ 
tor. The output voltage is given by the basic PWM equation 
times the transformer turns ration (N2/N1): 

Vo = V,N X (t(on)/(T - t(on)) X (N2/N1) (C) 

Voltage control Is achieved by controlling the transistor on- 
time to control the peak primary current. 

The flyback converter is well suited for multiple output and 
high voltage power supplies since the transformer induc¬ 
tance replaces the filter inductor(s). The major disadvan¬ 
tages which limit its use to lower wattage supplies are: 

1. The output ripple voltage is high because of half-wave 
charging of the output capacitor. 

2. The transistor must block 2 X Vin during turn-off. 

3. The transformer is driven in only on direction, which ne¬ 
cessitates a larger core, i.e., more expensive, in a flyback 
design than for an equivalent design using a forward or 
push-pull design. 

Off-Line Switching Suppiy 

Based on the flyback regulator circuit, a complete off-line 
switching supply is shown in Figure 8. The supply is called 
“off-line” because the DC voltage to the switch is devel¬ 
oped right from the AC line. 

The circuit also shows the feedback loop completed from 
the output back to the switching transistor. This feedback 
loop must have isolation in order for the DC output to be 
isolated from the AC line. This is normally accomplished by 
a small transformer or opto-coupler. 


Switching power supplies designed for international usage 
must have selectable AC input voltage ranges of 115V and 
230V. Figure 9 shows how this is accomplished for many 
switching power supplies. 


Forward Converter 

Although the forward converter is not as well-known as the 
flyback converter, it is becoming increasingly popular for 
power supplies in the 100W-500W range. Figure 10 shows 
the basic circuit of the fonvard converter. When the transis¬ 
tor is switched on, current rises linearly in the primary and 
secondary current also flows through diode D1 into the in¬ 
ductor and capacitor. When the transistor switch is opened, 
inductor current continues to free-wheel through the capaci¬ 
tor and diode D2. This converter will have less ripple since 
the capacitor is being continuously charged, an advantage 
of particular interest in high current supplies. 

The relationship between input and output for this circuit 
configuration is: 

Vo = V|N X (N2/N1) X (t(on)/T) (D) 

Note that the transformer shown in the above figure has 
been wound with a third winding and series diode D3. The 
purpose of this winding is to transfer the magnetizing energy 
in the core back to the DC supply so it does not have to be 
dissipated in the transistor switch or some other voltage 
suppressor. The turns ratio N3/N1 limits the peak voltage 
seen by the transistor and is normally chosen equal to 1 so 
that the forward converter can run at 50% duty cycle. Under 
this condition, the transistor must block 2 X V|n during turn¬ 
off. 
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SYMMETRICAL CONVERTERS 
Push-Pull Converter 

The circuit for this best-known and widely used converter is 
shown in Figure 11. 

Transistors Q1 and Q2 are alternately switched on for time 
period t(on)- This subjects the transformer core to an alter¬ 
nating voltage polarity to maximize its usefulness. The 
transfer function still follows the basic PWM formula but 
there is the added factor 2 because both transistors alter¬ 
nately conduct for a portion of the switching cycle. 

Vo = 2 X V|N X (N2/N1) X (t(on)/T) (E) 

The presence of a dead time period t(ci) is required to avoid 
having both transistors conduct at the same time, which 
would be the same as turning the transistors on into a short 
circuit. The output ripple frequency is twice the operating 
frequency which reduces the size of the LC filter compo¬ 
nents. Note the anti-parallel diodes connected across each 
transistor switch. They perform the same function as diode 
D3 in the forward converter, namely to return the magneti¬ 
zation energy to the input voltage whenever a transistor 
turns off. 

Compared to the following symmetrical converters, this cir¬ 
cuit has the advantage that the transistor switches share a 
common signal return line. Its chief disadvantages are that 
the transformer center-tap connection complicates the 
transformer design and the primary windings must be tightly 
coupled in order to avoid voltage spikes when each transis¬ 
tor is turning off. 


Half-Bridge Converter 

This converter (Figure 12) operates in much the same fash¬ 
ion as the previous push-pull circuit. 

The input capacitors C1 and C2 split the input voltage 
equally so that when either transistor turns on, the trans¬ 
former primary sees Vjn/2. Consequently note no factor of 
“2” in the following transfer equation: 

Vo = V|N X (N2/N1) X (t(on)/T) (F) 

Since the two transistors are connected in series, they nev¬ 
er see more than the input voltage V|n plus the inevitable 
switching transient voltages. The necessity of a dead time is 
even more obvious here since the simultaneous conduction 
of both transistors results In a dead short across the Input 
supply. Anti-parallel ultra-fast diodes return the magnetiza¬ 
tion energy as in the push-pull circuit but alternately to ca¬ 
pacitors C1 and C2. This circuit has the slight inconvenience 
of requiring an isolated base drive to Q1, but since most 
practical base drive circuits use a transformer for isolation, 
this shortcoming is hardly worth noting. 

Fuii-Bridge Converter 

Because of its complexity and expense, the full-bridge con¬ 
verter circuit of Figure 13 is reserved for high power con¬ 
verters. Ideally, all voltages are shared equally between two 
transistors so that the maximum voltage rating of the device 
can approach Vin- 
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FIGURE 12. Half-Bridge Converter Circuit 
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FIGURE 13. Full-Bridge Converter Circuit 


TL/G/10061-14 


Switching vs Linear Power Suppiies 

Switching power supplies are becoming popular due to high 
efficiency and high power density. Table I compares some 
of the salient features of both linear and switching power 
suppiies. Line and load regulation are usually better with 
linear suppiies, sometimes by as much as an order of mag¬ 
nitude, but switching power supplies frequently use linear 
post-regulators to Improve output regulation. 


DC-DC CONVERTERS 

DC-DC converters are widely used to transform and distrib¬ 
ute DC power In systems and instruments. DC power is usu¬ 
ally available to a system in the form of a system power 
supply or battery. This power may be in the form of 5V, 28V, 
48V or other DC voltages. All of the previously discussed 
circuits are applicable to this type of duty. Since voltages 
are low, isolation is not usually required. 


TABLE I. Linear vs Switching Power Suppiies 


Specification 

Linear 

Switcher 

Line Regulation 

0.02%-0.05% 

0.05%-0.1% 

Load Regulation 

0.02%-0.1% 

0.1%-1.0% 

Output Ripple 

0.5 mV-2 mV RMS 

25mV-100mVp_p 

Input Voltage Range 

±10% 

±20% 

Efficiency 

40%-55% 

60%-80% 

Power Density 


2W-5W/CU. in. 

Transient Recovery 

50 jjiS 

300 fis 

Hold-Up Time 

2 ms 

30 ms 
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INTRODUCTION 

A key device in all high voltage AC-DC power supplies is the 
ultrafast, reverse recovery rectifier diode. These diodes (D1 
and D2 in Figure 1 ) not only play a major role in power 
supply efficiency but also can be major contributors to cir¬ 
cuit electromagnetic interference (EMI) and even cause 
transistor failure if they are not selected correctly. One 
would assume that by now, this rectifier diode should ap¬ 
proximate the behavior of an ideal switch, i.e., zero on-state 
voltage, no reverse leakage current and instanteous turn¬ 
on. At first glance, the design of this single pn-junction de¬ 
vice would appear to be quite straight forward but a review 
of the device equations reveals that many compromises 
must be made to optimize its performance. An understand¬ 
ing of these tradeoffs will allow the circuit designer to select 
the most appropriate rectifier diode. 



TL/G/10062-1 

FIGURE la. Buck Regulator to Step-Down 
Input Voltage V|n 



Consider how the non-ideal behavior of rectifier D2 affects 
the circuit performance of the buck regulator in Figure 1a. 
The solid lines in Figure 2a depict the switching behavior of 
the transistor switch and rectifier in comparison to the wave¬ 
forms (dashed lines) that represent an ideal rectifier. There 
are four differences between the two cases: 

1. The most significant difference is that the peak collector 
current of the transistor switch {\j in Figure 2a) at the end 
of turn-on (time t 2 ) has been increased by the magnitude 
of the peak reverse recovery current of the rectifier 
(Ir(REC))- Correspondingly, the peak power dissipation 
within the transistor has increased from Pj to Pj as 
shown in Figure 2c. 

2. The maximum transistor voltage Vj at turn-off (t 4 -t 6 in 
Figure 2a) has been increased by the dynamic voltage 
drop of the rectifier during turn-on. Since buck regulators 
generally run at low voltages, this increase has a minimal 
effect. However, it is more significant in the forward con¬ 
verter circuit of Figure 1b and in bridge circuits operating 
from high bus voltages where the voltage margins cannot 
be as generous. 

3. Since the rectifier is not ideal, its power dissipation con¬ 
sists of the following components: 

a. Conduction loss (Vp x Ip) during the on-time. 

b. Turn-off loss during time t 2 -t 3 and turn-on loss during 
time t 5 -t 6 (Figure 2d). 

c. Reverse blocking loss (Vr x Ir) during period \ 3 -Xs. 

4. The rectifier regains its reverse blocking capability at time 
t 2 . A “snappy” rectifier that quickly turns off Ir(rec) will 
contribute much more EMI than a “soft”, fast recovery 
rectifier. 

A better transistor switch will intensify rather than improve 
the shortcomings of the fast recovery rectifier, so it is nec¬ 
essary to consider more fully the conduction and switching 
behavior of the rectifier diode. 
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and Current Waveforms for the Buck 
Regulator in Figure la 

a) Transistor and Rectifier Voltage Waveforms 

b) Transistor and Rectifier Current Waveforms 

c) Transistor Power Dissipation 

d) Rectifier Power Dissipation 


POWER LOSSES IN THE ULTRA-FAST 
RECTIFIER DiODE 

Consider the idealized rectifier current and voltage wave¬ 
forms in Figure 3 ior a 50 kHz buck regulator. Power dissipa¬ 
tion within the rectifier for a 50% duty factor is: 

P = P(conduction) + P(blocking) + P(reverse recovery) 

p = 1(VfIf + VrIr) + VRMlR(REC)tbf 


Typical values for a 200V, 8A rectifier are: 


f = 50 kHz 
Vf = 0.9V 
If = 8 A 
Ir(REC) = 2.0A 


Ir = 1 mA 

te = 25 ns (assuming tb = trr/2) 
Vr = 50V 
Vrm = 200V 


P = j[(8A) (0.9V) + (50V) (1 mA)] 

+ (200V) (2A) (25 ns) (50 kHz) 

P = 3.6W +0.025W + 0.5W = 4.125W 


CONDUCTION LOSSES 

DC conduction or on-state losses occur whenever the recti¬ 
fier is conducting forward current and consists simply of 
the integration of If x Vf during the on-time. Literature has 
dealt extensively with the computation of Vf for many differ¬ 
ent rectifier structures (Reference 1). The National 
Semiconductor POWERplanarTM line of fast recovery di¬ 
odes are planar passivated, P + N - N + epitaxial type, for 
which a cross-sectional view can be found in Figure 4. It can 
be shown that Vf is inversely proportional to minority carrier 
lifetime and directly proportional to epitaxial thickness (Wi in 
Figure 4 ). 

Figure 5 plots theoretical curves of normalized Vf vs minori¬ 
ty carrier lifetimes for rectifiers with 250V and 500V ava¬ 
lanche voltage breakdown. Since Vr is approximately equal 
to minority carrier lifetime, it is apparent that high current 
pn-junction rectifiers are limited to 20 ns-50 ns reverse re¬ 
covery times because Vf dramatically increases for minority 
carrier lifetimes less than these. It is also apparent that the 
Vf curves have a broad minima around 10 ns-30 ns so that 
another reason to select this value of minority carrier life¬ 
time is that Vf becomes independent of small changes in 
minority carrier lifetime due to manufacturing tolerances. 

It is immediately obvious that the key to maximizing current 
through the rectifier is to minimize Vf- However at 200 kHz, 
reverse recovery losses will quadruple to 4W, so that in¬ 
creasing attention must be paid to this parameter as operat¬ 
ing frequency is raised. 
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FIGURE 3. Representative Current and Voltage 
Waveforms for the Rectifier in the Buck 
Regulator Found in Figure la 
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FIGURE 4. Cross-Sectional View of a POWERplanarTM 
P + N - N +, Fast Recovery Rectifier 



MINORITY CARRIER LIFETIME-ns 

TL/G/10062-6 

FIGURE 5. Normalized Vp for 250V and 500V Rated 
Rectifiers as a Function of Minority 
Carrier Lifetime 

REVERSE BLOCKING LOSSES 

Planar passivation techniques have reduced surface leak¬ 
age currents (Ir) to a negligible amount so that the principle 
reverse leakage current is recombination current in the 
space charge region. Some of the many methods to control 
minority carrier lifetimes are electron or neutron irradiation 
and gold or platinum diffusion, each with its own advantages 
and disadvantages. For 200V, ultrafast recovery rectifiers, 
gold diffusion still represents the best compromise between 
speed, Vp, Ir and “soft” recovery. 

A drawback to gold diffusion is its relatively high reverse 
leakage current. It should be pointed out that the reliability 
of the gold-diffused product is the same as other rectifiers 
(all other factors being equal), since this leakage current is a 
bulk and not a surface phenomenon. Figure 6 illustrates the 
dependency of recombination current on junction tempera¬ 
ture and minority carrier lifetime, which is Inversely propor¬ 
tional to the amount of gold in the depletion region. Experi¬ 
mental leakage test results have been plotted in Figure 6 for 
the National Semiconductor 8A and 16A series of rectifiers 
(FRP820 and FRP1620 respectively) at 100“C, 125°C and 
150°C. These points indicate that the low current injection 
level lifetime ranges from 20 ns-30 ns and is relatively inde¬ 
pendent of Tj. Since reliability design guidelines specify that 
the rectifiers be operated at one-half their voltage rating and 
25“C-50‘’C below their maximum junction temperature, the 
expected leakage currents in well designed power supplies 
will run less than 1 mA. 


REVERSE RECOVERY LOSSES 

All pn-junction rectifiers, operating in the forward direction, 
store charge in the form of excess minority carriers. The 
amount of stored charge is proportional to the magnitude of 
the forward current. The process by which a rectifier diode 
is brought out of conduction and returned to its block state 
is called commutation. Figure 7 shows an expanded view of 
current commutation, also called reverse recovery. Starting 
at time to, the rectifier is switched from its forward conduct¬ 
ing state at a specified current ramp rate (-dlp/dt). The 
current ramp rate will be determined by the external circuit 
(E/L) or the turn-on time of a transistor switch. During the 
time t-|-t 2 , the store charge within the rectifier is able to 
supply more current than the circuit requires, so that the 
rectifier behaves like a short circuit. Stored charge is deplet¬ 
ed both by the reverse recovery current and recombination 
within the rectifier. Eventually the stored charge dwindles to 
the point that a depletion region around the junction starts 
to grow, allowing the rectifier to regain its reverse blocking 
voltage capability (t 2 ). From a circuit-design standpoint, the 
most important parameters are the peak reverse recovery 
current and “S”, the softness factor. A “snappy” rectifier 
will produce a large amplitude voltage transient and contrib¬ 
ute significantly to electro-magnetic interference. Figure 8 
illustrates the actual reverse recovery of two rectifier diodes. 
The peak voltage of the snappy rectifier is 175V compared 
to 142V peak for the FRP820, the higher voltage resulting 
from both the higher Ir(rec) srid the fact that the reverse 
recovery current decays to zero in a shorter time. 



MINORITY CARRIER LIFETIME-ns 
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FIGURE 6. Regeneration Current for Gold-Doped, 

P + N - N + Rectifier Diodes 
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Commutation in a Rectifier Diode 


The relative snappiness of a rectifier may be defined quanti¬ 
tatively by dividing the reverse recovery time trr into two 
subperiods, ta and tb, as shown in Figure 7. The softness 
factor “S” is simply the ratio tb/ta- A rectifier with a low 
value S factor will be more likely to produce dangerous volt¬ 
age transients, but it will also dissipate less reverse recov¬ 
ery energy than a high S factor rectifier. A reasonable com¬ 
promise between these two conflicting constraints would be 
to design a rectifier with S = 1 (ta = tb). The S factors of 
the FRP820 rectifier and the competitive device in Figure 8 
are 0.55 and 0.31 respectively. 


Only recently has it become possible to model the ramp 
recovery in p-i-n rectifiers (References 2, 3) and the follow¬ 
ing equations have proved useful in predicting reverse re¬ 
covery parameters. 


S = 


Wi 

4\/DaT 


IR(REC)=(5)t(i+^)-1 

Qr(REC) = 0-5 t 2 j 
where: 

T = minority carrier lifetime 
Wi = epitaxial thickness 
Da = ambipolar diffusion constant 
The blocking voltage rating of the rectifier primarily deter¬ 
mines Wi; but for a given Wi, note that a short minority life¬ 
time not only decreases Ir(rec) but happily increases S. 
These two key parameters are plotted as a function of mi¬ 
nority carrier lifetime in Figure 9 for dlp/dt = 100 A/jas and 
Tj = 25®C. As has been noted before, the minority carrier 
lifetime had been targetted for 20 ns-30 ns to minimize Vp 
and this choice has resulted in a typical value of S = 0.65 
and Ir(rec) = 1-5A. 
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Test Conditions: 

Tj = 25“C I = 0.5 A/DIV 

If = 8A T = 10 ns/DIV 

dlp/dt = 100 A/jaS 
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Test Conditions: 

Tj = 25'C I = 50 VA/DIV 

If = 8A T= 10 ns/DIV 

dlp/dt = 100 A//XS 

FIGURE 8. Comparison of Reverse Recovery 
of the FRP820 Series Rectifier 
to a Snappy Rectifier 

REVERSE RECOVERY CHARACTERIZATION 


Figures 10-13 plot Qr(rec)» Ir(REC)> W and S versus dlp/dt 
for the FRP1600 series of rectifiers and typical use condi¬ 
tions of Ip = 16A and Vr = 200V and for two different 
junction temperatures of 25'’C and 125'’C. Theory not only 
predicts, but it has also been experimentally verified, that 
these parameters are relatively independent of Ip so only 
one value of the latter suffices. Any three of the four Figures 
10-13 completely specifies the reverse recovery behavior 
of the rectifier. Since S and Trr vary the least over the plot¬ 
ting dlp/dt range, it is convenient to formulate reverse re¬ 
covery energy loss P in microwatts in terms of the circuit 
parameters Vr and dlp/dt: 


P = 





where: 


Vr = peak reverse voltage 
dlp/dt = ramp rate (A/jas) 
f = operating frequency (kHz) 
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MINORITY CARRIER LIFETIME-ns 

TL/G/10062-11 

FIGURE 9. Theoretical Plots of Ir(rec) 

S vs Minority Carrier Lifetime 



dip/dt = A/;is 
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FIGURE 10. Reverse Recovery Current for 
the FRM/FRP1620 Series Rectifiers 



dlp/dt = 100A//is 
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FIGURE 11. Reverse Recovery Charge for 
the FRM/FRP1600 Series Rectifier Diodes 


dlp/dt = A//is 
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FIGURE 12. Reverse Recovery Time of the 
FRM/FRP1600 Series Rectifier Diodes 
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FIGURE 13. Softness Factor S for the 
FRM/FRP1600 Series Rectifier Diodes 

Example: Calculate the reverse recovery power loss for the 
FRP1620 rectifier running at: 

If=16A Vr = 100V 

dlp/dt = 100 A/jaS Tj = 125°C 
f = 75 kHz 

From Figures 12 and 13 tp,- = 56 ns and S = 0.29. Substi¬ 
tuting these values in the above equation: 

(100V) (100 A//xs)(75 kHz) r (0.29)(56 ns) l 2 ^ 
(2)(0.29) L 1 + 0.29 J ^ 

P = 0.205W 

There are may ways to shape the reverse recovery voltage 
spike. The most simple and still most popular is the RC 
snubber circuit connected across the primary of the trans¬ 
former in Figure 1b. This serves the dual purpose of sup¬ 
pressing voltage ringing and EMI due to the switching action 
of both the transistor and rectifier. William McMurray has 
shown how to design an RC snubber to minimize voltage 
transients and/or dV/dt ramps just due to the diode reverse 
recovery current (Reference 4) and also how to de- 
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sign snubbers to minimize transistor power dissipation (Ref¬ 
erence 5). But to date, because the RC snubber plays a 
major role in reducing EMI, its design tends to be empirical 
rather than theoretical. 

CONCLUSION 

This application note has pointed out the major considera¬ 
tions in designing an ultrafast reverse recovery rectifier and 
shown that the control of minority carrier lifetime is the key 
in arriving at an optimum device. Because the diode contrib¬ 
utes to EMI, Its reverse recovery behavior must be carefully 
controlled and characterized in order to guarantee similar 
performance from lot to lot. 
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INTRODUCTION 

The high voltage power MOSFETs that are available today 
are N-channel, enhancement-mode, double diffused, Metal- 
Oxide-Silicon, Field Effect Transistors. They perform the 
same function as NPN, bipolar junction transistors except 
the former are voltage controlled in contrast to the current 
controlled bi-polar devices. Today MOSFETs owe their 
ever-increasing popularity to their high input impedance and 
to the fact that being a majority carrier device, they do not 
suffer from minority carrier storage time effects, thermal run¬ 
away, or second breakdown. 

MOSFET OPERATION 

An understanding of the operation of MOSFETs can best be 
gleaned by first considering the later MOSFET shown in 
Figure /. 


With no electrical bias applied to the gate G, no current can 
flow in either direction underneath the gate because there 
will always be a blocking PN junction. When the gate is 
forward biased with respect to the source S, as shown in 
Figure 2, the free hole carriers in the p-epitaxial layer are 
repelled away from the gate area creating a channel, which 
allows electrons to flow from the source to the drain. Note 
that since the holes have been repelled from the gate chan¬ 
nel, the electrons are the “majority carriers” by default. This 
mode of operation is called “enhancement” but it is easier 
to think of enhancement mode of operation as the device 
being “normally off”, i.e., the switch blocks current until it 
receives a signal to turn on. The opposite is depletion mode, 
which is a normally “on” device. 


BODY 
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The advantages of the lateral MOSFET are: 

1 . Low gate signal power requirement. No gate current can 
flow into the gate after the small gate oxide capacitance 
has been charged. 

2. Fast switching speeds because electrons can start to 
flow from drain to source as soon as the channel opens. 
The channel depth is proportional to the gate volage and 
pinches closed as soon as the gate voltage is removed, 
so there is no storage time effect as occurs in bipolar 
transistors. 


The major disadvantages are: 

1. High resistance channels. In normal operation, the 
source is electrically connected to the substrate. With no 
gate bias, the depletion region extends out from the N + 
drain in a pseudo-hemispherical shape. The channel 
length L cannot be made shorter than the minimum de¬ 
pletion width required to support the rated voltage of the 
device. 

2. Channel resistance may be decreased by creating wider 
channels but this is costly since it uses up valuable silicon 
real estate. It also slows down the switching speed of the 
device by increasing its gate capacitance. 

Enter vertical MOSFETs! 

The high voltage MOSFET structure (also known as CMOS) 

Is shown in Figure 3. 




-SiO, 

+++ POLTSILICATE 


GUSS 
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FIGURE 3. Vertical DMOS Cross-Sectional View 
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The current path is created by inverting the p-layer under¬ 
neath the gate by the identical method in the lateral FETs. 
Source current flows underneath this gate area and then 
vertically through the drain, spreading out as it flows down. 
A typical MOSFET consists of many thousands of N + 
sources conducting in parallel. This vertical geometry 
makes possible lower on-state resistances (RDS(on)) for the 
same blocking voltage and faster switching than the lateral 
FET. 

There are many vertical construction designs possible, e.g., 
V-groove and U-groove, and many source geometries, e.g., 
squares, triangles, hexagons, etc. All commercially available 
power MOSFETs with blocking voltages greater than 300V 
are manufactured similarly to Figure 3. The many considera¬ 
tions that determine the source geometry are RDS(on). input 
capacitance, switching times and transconductance. 

PARASITIC DIODE 

Early versions of MOSFETs were very susceptible to volt¬ 
age breakdown due to voltage transients and also had a 
tendency to turn on under high rates of rise of drain-to- 
source voltage (dV/dt), both resulting in catastrophic fail¬ 
ures. The dV/dt turn-on was due to the inherent parasitic 
NPN transistor incorporated within the MOSFET, shown 
schematically in Figure 4a. Current flow needed to charge 
up junction capacitance Cdg acts like base current to turn 
on the parasitic NPN. 

The parasitic NPN action is suppressed by shorting the N + 
source to the P + body using the source metallization. This 
now creates an inherent PN diode in anti-parallel to the 
MOSFET transistor (see Figure 4b ). Because of its exten¬ 
sive junction area, the current ratings and thermal resist¬ 
ance of this diode are the same as the power MOSFET. 
This parasitic diode does exhibit a very long reverse recov¬ 
ery time and large reverse recovery current due to the long 
minority carrier lifetimes in the N-drain layer, which pre¬ 
cludes the use of this diode except for very low frequency 
applications, e.g., motor control circuit shown in Figure 5. 
However in high frequency applications, the parasitic diode 
must be paralleled externally by an ultra-fast rectifier to en¬ 
sure that the parasitic diode does not turn on. Allowing it to 
turn on will substantially increase the device power dissipa¬ 
tion due to the reverse recovery losses within the diode and 
also leads to higher voltage transients due to the larger re¬ 
verse recovery current. 

CONTROLLING THE MOSFET 

A major advantage of the power MOSFET is its very fast 
switching speeds. The drain current is strictly proportional to 
gate voltage so that the theoretically perfect device could 
switch in 50 ps-200 ps, the time it takes the carriers to flow 
from source to drain. Since the MOSFET is a majority carrier 
device, a second reason why it can outperform the bipolar 
junction transistor is that its turn-off is not delayed by minori¬ 
ty carrier storage time in the base. A MOSFET begins to 
turn off as soon as its gate voltage drops down to its thresh¬ 
old voltage. 
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a. MOSFET Transistor Construction 
Showing Location of the 
Parasitic NPN Transistor 



b. Parastic Diode 
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c. Circuit Symbol 
FIGURE 4 
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FIGURE 5. Full-Wave Motor Control Circuit 
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SWITCHING BEHAVIOR 

Figure 6 illustrates a simplified model for the parasitic ca¬ 
pacitances of a power MOSFET and switching voltage 
waveforms with a resistive load. 

There are several different phenomena occurring during 
turn-on. Referring to the same figure: 

Time interval ti < t < X 2 \ 

The initial turn-on delay time tci(on) 'S due to the length of 
time it takes Vqs to rise exponentially to the threshold volt- 
age VGS(th)- From Figure 6, the time constant can be seen 
to be Rs X Cqs- Typical turn-on delay times for the National 
Semiconductor IRF330 are: 

td(on) = Rs X CqS X In (1 - VGS(th)/VpK) 

For an assumed gate signal generator impedance of Rs of 
son and Cgs of 600 pF, td comes to 11 ns. Note that since 
the signal source impedance appears in the td equation, it is 
very important to pay attention to the test conditions used in 
measuring switching times. 

Physically one can only measure input capacitance C\ss, 
which consists of Cgs 'o parallel with Cdg- Even though 
Cgs > > Cdg. the latter capacitance undergoes a much 
larger voltage excursion so its effect on switching time can¬ 
not be neglected. 

Plots of Cjss, Crss and Cqss tor the National Semiconductor 
IRF330 are shown in Figure 7 below. The charging and dis¬ 
charging of Cdg is analogous to the “Miller” effect that was 
first discovered with electron tubes and dominates the next 
switching interval. 

Time interval t 2 < t < ta: 

Since Vgs has now achieved the threshold value, the 
MOSFET begins to draw increasing load current and Vds 
decreases. Cdg must not only discharge but its capacitance 
value also increases since it is inversely proportional to 
Vdg. namely: 

Cdg = Cdg(0)/(Vdg)" (2 ) 

Unless the gate driver can quickly supply the current re¬ 
quired to discharge Cdg. voltage fall will be slowed with the 
attendant increase in turn-on time. 

Time interval ta < t < t 4 : 

The MOSFET is now on so the gate voltage can rise to the 
overdrive level. 

Turn-off interval t 4 < t < te: 

Turn-off occurs in reverse order. Vgs must drop back close 
to the threshold value before RDs(on) will start to increase. 
As Vds starts to rise, the Miller effect due to Cdg re-occurs 
and impedes the rise of Vds ss Cdg recharges to Vqc. 
Specific gate drive circuits for different applications are dis¬ 
cussed and illustrated below. 



TL/G/10063-5 

a. MOSFET Capacitance Model for Power MOSFET 



b. Switching Waveforms for Resistive Load 
FIGURE 6 



Vds-DRAIN to source voltage-v 

TL/G/10063-7 

FIGURE 7. Typical Capacitances of the National IRF330 
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MOSFET CHARACTERIZATION 

The output characteristics (Ip vs Vps) the National Semi¬ 
conductor IRF330 are illustrated in Figures 8 and 9. 

The two distinct regions of operation in Figure 8 have been 
labeled “linear” and “saturated”. To understand the differ¬ 
ence, recall that the actual current path in a MOSFET is 
horizontal through the channel created under the gate oxide 
and then vertical through the drain. In the linear region of 
operation, the voltage across the MOSFET channel is not 
sufficient for the carriers to reach their maximum drift veloci¬ 
ty or their maximum current density. The static RDS(on). de¬ 
fined simply as Vqs/Ids. 'S a constant. 

As Vqs is increased, the carriers reach their maximum drift 
velocity and the current amplitude cannot increase. Since 
the device is behaving like a current generator, it is said to 
have high output impedance. This is the so-called “satura¬ 
tion” region. One should also note that in comparing 
MOSFET operation to a bipolar transistor, the linear and 
saturated regions of the bipolar are just the opposite to the 
MOSFET. The equal spacing between the output Ip curves 
for constant steps in Vqs indicates that the transfer charac¬ 
teristic in Figure 9 will be linear in the saturated region. 

IMPORTANCE OF THRESHOLD VOLTAGE 

Threshold voltage VGS(th) 'S the minimum gate voltage that 
initiates drain current flow. VGS(th) can be easily measured 
on a Tektronix 576 curve tracer by connecting the gate to 
the drain and recording the required drain voltage for a 
specified drain current, typically 250 juA or 1 mA. (VGS(th) in 
Figure 9 is 3.5V. While a high value of VGS(th). can appar¬ 
ently lengthen turn-on delay time, a low value for power 
MOSFET is undesirable for the following reasons: 

1 • VGS(th) has a negative temperature coefficient 
-7 mV/"C. 

2. The high gate impedance of a MOSFET makes it suscep¬ 
tible to spurious turn-on due to gate noise. 

3. One of the more common modes of failure is gate-oxide 
voltage punch-through. Low VGS(th) requires thinner ox¬ 
ides, which lowers the gate oxide voltage rating. 


< 
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Vqs-drain to source VOLTAGE-V 
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FIGURE 8. Output Characteristics 
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Vgs-gate to source VOLTAGE-V 

TL/G/10063-9 

FIGURE 9. Transfer Characteristics 


POWER MOSFET THERMAL MODEL 

Like all other power semiconductor devices, MOSFETs op¬ 
erate at elevated junction temperatures. It is important to 
observe their thermal limitations in order to achieve accept¬ 
able performance and reliability. Specification sheets con¬ 
tain information on maximum junction temperature (Tj(max)). 
safe areas of operation, current ratings and electrical char¬ 
acteristics as a function of Tj where appropriate. However, 
since it is still not possible to cover all contingencies, it is 
still important that the designer perform some junction cal¬ 
culations to ensure that the device operate within its specifi¬ 
cations. 

Figure 10 shows an elementary, stead-state, thermal model 
for any power semiconductor and the electrical analogue. 
The heat generated at the junction flows through the silicon 
pellet to the case or tab and then to the heat sink. The 
junction temperature rise above the surrounding environ¬ 
ment is directly proportional to this heat flow and the junc- 
tion-to-ambient thermal resistance. The following equation 
defines the steady state thermal resistance R(th)jc between 
any two points x and y: 

R(th)JC = (Ty - Tx)/P (3) 

where: 

Tx = average temperature at point x (®C) 

Ty = average temperature at point y CC) 

P = average heat flow in watts. 

Note that for thermal resistance to be meaningful, two tem¬ 
perature reference points must be specified. Units for 
R(th)JC are “C/W. 

The thermal model show symbolically the locations for the 
reference points of junction temperature, case temperature, 
sink temperature and ambient temperature. These tempera¬ 
ture reference define the following thermal references: 
R(th)jc: Junction-to-Case thermal resistance. 

R(th)cs: Case-to-Sink thermal resistance. 

R(th)SA- SInk-to-Ambient thermal resistance. 

Since the thermal resistances are in series: 

R(th)JA = R(th)JC + R(th)CS + R(th)SA- (4) 


D 
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TL/G/10063-10 

FIGURE 10. MOSFET Steady State Thermal Resistance Model 


The design and manufacture of the device determines 
R(th)jc so that while R(th)jc will vary somewhat from device 
to device, it is the sole responsibility of the manufacturer to 
guarantee a maximum value for R(th)jc- Both the user and 
manufacturer must cooperate in keeping R{th)CS to an ac¬ 
ceptable maximum and finally the user has sole responsibili¬ 
ty for the external heat sinking. 

By inspection of Figure 10, one can write an expression for 
Tj: 

Tj = Ta + Px [R(th)JC + R(th)CS + R(th)SA] (5) 
While this appears to be a very simple formula, the major 
problem in using it is due to the fact that the power dissipat¬ 
ed by the MOSFET depends upon Tj. Consequently one 
must use either an iterative or graphical solution to find the 
maximum R(th)SA to ensure stability. But an explanation of 
transient thermal resistance is in order to handle the case of 
pulsed applications. 

Use of steady state thermal resistance is not satisfactory for 
finding peak junction temperatures for pulsed applications. 
Plugging in the peak power value results in overestimating 
the actual junction temperature while using the average 
power value underestimates the peak junction temperature 
value at the end of the power pulse. The reason for the 
discrepancy lies in the thermal capacity of the semiconduc¬ 
tor and its housing, i.e., its ability to store heat and to cool 
down before the next pulse. 

The modified thermal model for the MOSFET is shown in 
Figure 11. The normally distributed thermal capacitances 
have been lumped into single capacitors labeled Cj, Cc, 


and Cs- This simplification assumes current is evenly distrib¬ 
uted across the silicon chip and that the only significant 
power losses occur in the junction. When a step pulse of 
heating power P is introduced at the junction. Figure 12a 
shows that Tj will rise at an exponential rate to some steady 
state value dependent upon the response of the thermal 
network. When the power input is terminated at time t 2 , Tj 
will decrease along the curve indicated by Tcool in Figure 
12a back to its initial value. Transient thermal resistance at 
time t is thus defined as: 


Z(th)JC = 


ATjc(t) 

P 


( 6 ) 


The transient thermal resistance curve approaches the 
steady state vaule at long times and the slope of the curve 
for short times is inversely proportional to Cj. In order that 
this curve can be used with confidence, it must represent 
the highest values of Z(th)jc for each time interval that can 
be expected from the manufacturing distribution of prod¬ 
ucts. 


While predicting Tj in response to a series of power pulses 
becomes very complex, superposition of power pulses of¬ 
fers a rigorous numerical method of using the transient ther¬ 
mal resistance curve to secure a solution. Superposition 
tests the response of a network to any input function by 
replacing the input with an equivalent series of superim¬ 
posed positive and negative step functions. Each step func¬ 
tion must start from zero and continue to the time for which 
Tj is to be computed. For example. Figure 13 illustrates a 
typical train of heating pulses. 
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FIGURE 11. Transient Thermal Resistance Model 
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a. Junction Temperature Response to a 
Step Pulse of Heating Power 
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b. Equivalent Heat Input by 
Superposition of Power Pulses 



TL/G/10063-16 

c. Junction Temperature Response 
to Individual Power Pulses of b 



TIME-ms 

TL/G/10063-13 

b. Transient Thermal Resistance Curve 
for National Semiconductor iRF330 MOSFET 

FIGURE 12 
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Tj at time t is given by: 

Tj(t) = Tj{0) + ^ Pi (7) 

i = 0 

[Z(th)JC (tn - ti) - 2:(th)JC (tn “ ti + l)] 

The usual use condition is to compute the peak junction 
temperature at thermal equilibrium for a train of equal ampli¬ 
tude power pulses as shown in Figure 14. 

To further simplify this calculation, the bracketed expression 
in equation (G) has been plotted for all National Semicon¬ 
ductor power MOSFETs, as exemplified by the plot of 
Z(th)JC in Figure 14b. From this curve, one can readily calcu¬ 
late Tj if one knows Pm, Z(th)jc and Tc using the expres¬ 
sion: 

Tj = Tc + Pm X Z(th)jc (8) 

Example: Compute the maximum junction temperature for a 
train of 25W, 200 jus wide heating pulses repeated every 
2 ms. Assume a case temperature of OS^C. 

Duty factor = 0.1 

From Figure 14b: Z(th)JC ~ 0.55®C/W 
Substituting into Equation (H): 

Tj(Max) = 95 + 25 X 0.55 = 108.75 "C 



TL/G/10063-18 

a. Train of Power Pulses 



t-TIME-ms 

TL/G/10063-19 

b. Normalized Z(th)jc for National Semiconductor 
IRF330 for Power Pulses Typified in Figure 14a 

FIGURE 14 


SAFE AREA OF OPERATION 

The power MOSFET is not subject to forward or reverse 
bias second breakdown, which can easily occur in bipolar 
junction transistors. Second breakdown is a potentially cata¬ 
strophic condition in bi-polar transistors caused by thermal 
hot spots in the silicon as the transistor turns on or off. 
However in the MOSFET, the carriers travel through the 
device much as if it were a bulk semiconductor, which ex¬ 
hibits a positive temperature coefficient of 0.6%/'’C. If cur¬ 
rent attempts to self-constrict to a localized area, the in¬ 
creasing temperature of the spot will raise the spot resist¬ 
ance due to the positive temperature coefficient of the bulk 
silicon. The ensuing higher voltage drop will tend to redis¬ 
tribute the current away from the hot spot. Figure 15 deline¬ 
ates the safe areas of operation of the National Semicon¬ 
ductor IRF330 device. 

Note that the safe area boundaries are only thermally limit¬ 
ed and exhibit no derating for second breakdown. This 
shows that while the MOSFET transistor is very rugged, it 
may still be destroyed thermally by forcing it to dissipate too 
much power. 



Yds-drain to source voltage-v 

TL/G/10063-20 

FIGURE 15. Safe Area of Operation of the 
National Semiconductor IRF330 MOSFET Transistor 

ON-RESISTANCE RDS(on) 

The on-resistance of a power MOSFET is a very important 
parameter because it determines how much current the de¬ 
vice can carry for low to medium frequency (less than 
200 kHz) applications. After being turned on, the on-state 
voltage of the MOSFET falls to a low value and its RDS(on) 
is defined simply as its on-state voltage divided by on-state 
current. When conducting current as a switch, the conduc¬ 
tion losses Pc are: 

Pc = I^D(RMS) X RDS(on) (9) 

To minimize RDS(on)> the applied gate signal should be large 
enough to maintain operation in the linear or ohmic region 
as shown in Figure 8. All National Semiconductor MOSFETs 
will conduct their rated current for Vqs = 10V, which is also 
the value used to generate the curves of RDS(on) vs Id and 
Tj that are shown in Figure 16\ox the National Semiconduc¬ 
tor IRF330. Since RDS(on) increases with Tj, Figure plots 
this parameter as a function of current for room ambient and 
elevated temperatures. 
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Iq-DRAIN current-a 

TL/G/10063-21 

FIGURE 16. RDS(on) of the 
National Semiconductor IRF330 

Note that as the drain current rises, RDS(on) increases once 
Id exceeds the rated current value. Because the MOSFET is 
a majority carrier device, the component of Rosfon) due to 
the bulk resistance of the N- silicon in the drain region 
increases with temperature as well. While this must be tak¬ 
en into account to avoid thermal runaway, it does facilitate 
parallel operation of MOSFETs. Any inbalance between 
MOSFETs does not result in current hogging because the 
device with the most current will heat up and the ensuing 
higher on-voltage will divert some current to the other devic¬ 
es in parallel. 


TRANSCONDUCTANCE 


Since MOSFETs are voltage controlled, it has become nec¬ 
essary to resurrect the term transconductance gfs, com¬ 
monly used in the past with electron tubes. Referring to Fig¬ 
ure 8, gfs equals the change in drain current divided by the 
change in gate voltage for a constant drain voltage. Mathe¬ 
matically: 


gfs (Siemens) = 


dlD(A) 

dVGs(V) 


( 10 ) 


Transconductance varies with operating conditions, starting 
at 0 for Vqs < VGS(th) and peaking at a finite value when 
the device is fully saturated. It is very small in the ohmic 
region because the device cannot conduct any more cur¬ 
rent. Typically gfs is specified at half the rated current and 
for Vds = 20V. Transconductance is useful in designing 
linear amplifiers and does not have any significance in 
switching power supplies. 


GATE DRIVE CIRCUITS FOR POWER MOSFETs 

The drive circuit for a power MOSFET will affect its switch¬ 
ing behavior and its power dissipation. Consequently the 
type of drive circuitry depends upon the application. If on- 
state power losses due to Rosfon). will predominate, there is 
little point in designing a costly drive circuit. This power dis¬ 
sipation is relatively independent of gate drive as long as 
the gate-source voltage exceeds the threshold voltage by 
several volts and an elaborate drive circuit to decrease 
switching times will only create additional EMI and voltage 
ringing. In contrast, the drive circuit for a device switching at 


200 kHz or more will affect the power dissipation since 
switching losses are a significant part of the total power 
dissipation. 

Compare to a bi-polar junction transistor, the switching loss¬ 
es in a MOSFET can be made much smaller but these loss¬ 
es must still be taken into consideration. Examples of sever¬ 
al typical loads along with the idealized switching wave¬ 
forms and expressions for power dissipation are given in 
Figures //to 19. 

Their power losses can be calculated from the general ex¬ 
pression: 

Pd= (;|jD(t)*VDS(t)clt)Ms (11) 

where: fs = Switching frequency. 

For the idealized waveforms shown in the figures, the inte¬ 
gration can be approximated by the calculating areas of tri¬ 
angles: 

Resistive load: 

PD = ^[5<^=^+RDS(on,*Tj.f3 
Inductive load: 

Pp ^ Vc _ L j a!( °!a!s + 

where: 

Pc = conduction loss during period T. 

Capacitive load: 

^ I CV2dd , V2DDRDS(on) x 
Pd-\—^+ Tjfs 

Gate losses and blocking losses can usually be neglected. 
Using these equations, the circuit designer is able to esti¬ 
mate the required heat sink. A final heat run in a controlled 
temperature environment is necessary to ensure thermal 
stability. 




FIGURE 17. Resistive Load Switching Waveforms 
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Load Switching Waveforms 


JT 




FiGURE 19. Capacitive Load Switching Waveforms 


Since a MOSFET is essentially voltage controlled, the only 
gate current required is that necessary to charge the input 
capacitance Cjss- In contrast to a 10A bipolar transistor, 
which may require a base current of 2A to ensure saturation, 
a power MOSFET can be driven directly by CMOS or open- 
collector TTL logic circuit similar to that in Figure 20. 
Turn-on speed depends upon the selection of resistor Ri, 
whose minimum value will be determined by the current 
sinking rating of the IC. It Is essential that an open collector 
TTL buffer be used since the voltage applied to the gate 
must exceed the MOSFET threshold voltage of 5V. CMOS 
devices can be used to drive the power device directly since 
they are capable of operating off 15V supplies. 

Interface ICs, originally intended for other applications, can 
also be used to drive power MOSFETs, as shown below in 
Figure 21. 

Most frequently switching power supply applications employ 
a pulse width modulator IC with an NPN transistor output 
stage. This output transistor is ON when the MOSFET 
should be ON, hence the type of drive used with open-col- 
lector TTL devices cannot be used. Figures 22 and 23 give 
examples of typical drive circuits used with PWM ICs. 



FIGURE 20. Open Collector TTL Drive Circuit 
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FIGURE 21. Interface ICs Used to 
Drive Power MOSFETs 
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FIGURE 22. Circuit for PWM 1C Driving MOSFET. 
The PNP Transistor Speeds Up Turn-Off 
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Isolation: Off-line switching power supplies use power MOS- 
FETs in a half-bridge configuration because inexpensive, 
high voltage devices with low RDS(on) ^re not available. 
Since one of the power devices is connected to the positive 
rail, its drive circuitry is also floating at a high potential. The 
most versatile method of coupling the drive circuitry is to 
use a pulse transformer. Pulse transformers are also nor¬ 
mally used to isolate the logic circuitry from the MOSFETs 
operating at high voltage to protect it from a MOSFET fail¬ 
ure. 

The zener diode shown in Figure 25 is included to reset the 
pulse transformer quickly. The duty cycle can approach 
50% with a 12V zener diode. For better performance at 
turn-off, a PNP transistor can be added as shown in Figure 
26. 

Figure 27 \\\us\xdXes an alternate method to reverse bias the 
MOSFET during turn-off by inserting a capacitor in series 
with the pulse transformer. The capacitor also ensures that 
the pulse transformer will not saturate due to DC bias. 



TL/G/10063-30 

FIGURE 24. Half-Bridge Configuration 



FIGURE 25. Simple Pulse Transformer Drive 
Circuit. The Transistor May Be a 
Part of a PWM 1C if Applicable. 
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FIGURE 26. Improved Performance at Turn-Off 
with a Transistor 



TL/G/10063-33 

FIGURE 27. Emitter Foilower Driver 
with Speed-Up Capacitor 

Opto-isolators may also be used to drive power MOSFETs 
but their long switching times make them suitable only for 
low frequency applications. 

SELECTING A DRIVE CIRCUIT 

Any of the circuits shown are capable of turning a power 
MOSFET on and off. The type of circuit depends upon the 
application. The current sinking and sourcing capabilities of 
the drive circuit will determine the switching time and switch¬ 
ing losses of the power device. As a rule, the higher the 
gate current at turn-on and turn-off, the lower the switching 
losses will be. However, fast drive circuits may produce ring¬ 
ing in the gate and drain circuits. At turn-on, ringing in the 
gate circuit may produce a voltage transient in excess of the 
maximum Vqs rating, which will puncture the gate oxide and 
destroy It. To prevent this occurrence, a zener diode of the 
appropriate value may be added to the circuit as shown in 
Figure 26. Note that the zener should be mounted as close 
as possible to the device. 

At turn-off, the gate voltage may ring back up to the thresh¬ 
old voltage and turn on the device for a short period. There 
is also the possibility that the drain-source voltage will ex¬ 
ceed its maximum rated voltage due to ringing in the drain 
circuit. A protective RC snubber circuit or zener diode may 
be added to limit drain voltage to a safe level. 
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Figures 29-34 give typical turn-on and turn-off times of vari¬ 
ous drive circuits for the following test circuit: 

Device: National Semiconductor IRF450, Vdd = 200V, 
Load = 33fl resistor. 



FIGURE 28. Zener Diode to Prevent Excessive 
Gate-Source Voltages 


DRIVE CIRCUIT TURN-ON/TURN-OFF TIMES 



Note: Voltage Fall Time = 17 ns, Voltage Rise Time = 20 ns 

FIGURE 29. Emitter Follower PWM 




Note: Voltage Fall Time = 50 ns, Voltage Rise Time = 112 ns 

FIGURE 30. Simple Pulse Transformer 
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Note: Voltage Fall Time = 50 ns. Voltage Rise Time = 16 ns 

FIGURE 31. Pulse Width Modulator 
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National 

Semiconductor 


Packaging Options and Ordering information 
for Smaii Signai Diodes and Transistors 


This brochure outlines the many packaging options for small signal discrete devices. The packaging options are: 

A. Diode 

1. Bulk 

2. Tape and reel (Figure 1) 

B. Transistor 

1. Bulk 

2. Tape and reel (Figure 2) 

3. Ammo pack (Figure 3) 

C. Surface Mount devices—tape and reel (Figure 4) 

D. Diode and transistor arrays In P-DIP or ceramic tubes. 

E. SOIC transistor or diode arrays—tape and reel (Figure 5) 

Ordering information for axiai iead diodes. 

No suffix indicates bulk packaging. 

Package quantity: DO-35 = 2,000 min 
DO-7 = 1,000 min 

Package quantities for Zener Diodes: DO-35 = 5,000 

DO-41 = 3,000 

Ordering information for Tape & Reei Options for Axiai Lead Diodes 


1. .TR suffix indicates axial Tape & Reel (50mm tape spac¬ 
ing) package. (Example: 1N4148.TR). See Figure 1. 

2. .PS suffix indicates axial Tape & Reel (26mm tape spac¬ 
ing) package. (Example: 1N4148.PS). See Figure 1. 


Reel quantities for .TR and .PS options: 

Signal Diodes Zener Diodes 

DO-35 = 10,000 DO-35 = 5,000 

DO-7 = 7,000 DO-41 = 3,000 
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Ordering information for transistors. 

No suffix indicates bulk packaging. Package quantities 
are: 

TO-18 = 500 
TO-39 = 400 
TO-92 = 2,000 

Transistor Tape & Reel for TO-92 

1. Choose the appropriate option from the eight listed in 
Figure 2. 


2. Cost adders are applicable to these options. Ammo Pack 
is the most economical option available. Contact the lo¬ 
cal National Semiconductor sales office or franchised 
distributor for details. 

3. Standard pack and minimum order quantities apply. 

A. Tape and Reel = 2,000 pieces. 

B. Ammo Pack = 2,000 pieces. 

Scheduled orders must be In multiples of 2,000. 

4. Ordering example; 

2N3904/D26Z (flat side down, tape on left, large arbor 
hole) 



D26Z = flat side down, tape left 
side of reel, adhesive on top 
side, large arbor hole. 





O O 


D11Z = reverse wound version 
of option D26Z, adhesive on 
bottom side, large arbor hole. 


TL/00/3706-3 



TL/00/3706-4 




D10Z = reverse wound version 
of option D28Z, adhesive on 
bottom side, large arbor hole. 


TL/00/3706-5 




D27Z = flat side up, tape left 
side of reel, adhesive on top 
side, large arbor hole. 




D81Z = reverse wound version 
of option D27Z, adhesive on 
bottom side, large arbor hole. 


TL/00/3706-7 


TL/00/3706-6 



D29Z = flat side up, tape right 
side of reel, adhesive on top 
side, large arbor hole. 



D89Z = reverse wound version 
of option D29Z, adhesive on 
bottom side, large arbor hole. 


TL/00/3706-9 


TL/00/3706-8 


FIGURE 2. Transistor Tape and Reel Options 


Transistor Ammo Pack Options 

1. Two ammo pack options can replace the eight tape and reel options illustrated 
in Figure 2 because the tape can be fed out of either the top or the bottom of the 
box and the box can be oriented either front or back with respect to a feeder. 





12-52 




TL/00/3706-10 


D75Z Radial Ammo Pack 


TL/OO/3706-11 


Ammo Pack equivalent to options D26Z, D28Z, D10Z, 

D11Z. Specific option dependent on feed orientation from the 
cartridge. Round side of transistor on adhesive side of tape. 



TL/00/3706-12 TL/00/3706-13 



TL/00/3706-14 TL/00/3706-15 


D74Z Radial Ammo Pack 


Ammo Pack equivalent to options D27Z, D29Z, D89Z, 

D81Z. Specific option dependent on feed orientation from the 
cartridge. Flat side of transistor on adhesive side of tape. 



TL/00/3706-16 TL/00/3706-17 


The drawings show package TO-92 transistors, which is the most common product selected for tape and reel; however, the same information applies for other 
package styles, such as TO-237 and tall TO-92. 

FIGURE 3. Transistor Ammo Pack Options 


12-53 



2. The two ammo pack options are: 

D74Z Radial Ammo Pack 

Ammo Pack equivalent to options D27Z, D29Z, D89Z, 
D61Z. Specific option dependent on feed orientation from 
the cartridge. Flat side of transistor on adhesive side of 
tape. 


D75Z Radial Ammo Pack 

Ammo Pack equivalent to options D26Z, D28Z, D10Z, 
D11Z. Specific option dependent on feed orientation from 
the cartridge. Round side of transistor on adhesive side of 
tape. 





TL/OO/3706-18 


Symbol 

MM Value 
(Min/Max) 

Decimal Value 
(Min/Max) 

A 

3.2/9.0 

0.126/0.354 

A1 

6.0 Max 

0.236 Max 

T 

6.0 Max 

0.236 Max 

B 

2.5 Max 

0.098 Max 

H 

27.0/29.21 

1.063/1.150 

HO 

15.5/16.5 

0.610/0.650 

HI 

18.5/19.5 

0.728/0.768 

AP 

±0.8 

±0.031 

Ah 

±0.8 

±0.031 

P 

12.2/13.2 

0.480/0.520 

PO 

12.5/12.9 

0.492/0.508 

PI 

3.55/4.04 

0.140/0.159 

P2 

6.05/6.50 

0.240/0.254 

FI 

2.4/2.6 

0.094/0.102 

d 

0.45/0.55 

0.018/0.022 

L 

10.9 Max 

0.429 Max 

LI 

4.0/6.6 

0.157/0.260 

t 

0.66/0.96 

0.026/0.038 

t1 

0.38/0.68 

0.015/0.027 

W 

17.5/18.5 

0.689/0.728 

WO 

5.7/6.3 

0.224/0.248 

W1 

0.5 Max 

0.020 Max 

W2 

8.5/9.75 

0.026/0.038 

DO 

3.8/4.2 

0.150/0.165 

S 

±0.1 

±0.004 

SI 

4.69/5.28 

0.185/0.208 

S2 

2.36/2.62 

0.093/0.103 


*From tape center 
**Spring after cut 
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Surface Mount Diodes and Transistors in SOT-23/TO-236 
package and LL-34 packages; (See Figure 4) 

1. Transistors 

a. No suffix denotes low profile package (TO-236AB) on 
7" diameter reel. (Example: MMBT2222A) Reel quan¬ 
tity = 3,000 

b. Suffix -HIGH is used to order the profile package 
(TO-236AA) on 7" diameter reel. (Example: 
MMBT2222A-HIGH) Reel quantity = 2,500 

2. Diodes encapsulated in TO-236 package 

a. .SA suffix denotes high profile package (TO-236AA) on 
7" diameter reel. (Example: FDSO1201.SA). See Fig¬ 
ure 4. Reel quantity = 2,500 


b. .LA suffix indicates low profile package (TO-236AB) on 
7" diameter reel. (Example: FDSO1201.LA). Reel 
quantity = 3,000 

3. Leadless Diodes in LL-34 package 

Suffix characters .TR indicates 7" diameter Tape & Reel 
(Example: FDLL4148.TR) See Figure 6. Reel quantity = 
2,500 

4. SOIC Packages (14-SOIC, 16-SOIC) See Figure 5. 

a. T suffix letter indicates a 7" diameter reel with 700 
devices. (Example: FSAO2509T) 

b. X suffix letter indicates a 13" diameter reel with 2,500 
devices. (Example: FSAO2509X) 


TOP TAPE THICKNESS 
0.10 (.004) MAX. 


EMBOSSED 

CARRIER 


^bb; 



SOT-23 Style A 



LL-34 Style A 


FIGURE 4. TO-236 and LL-34 Taping Specification 


1.51 (.063) 
1.50 (.059) 



2.40 MAX. 
(.094) 


410(161) PITCHES CUMULATIVE 

TOLERANCE ON TAPE 
3.90 (.153) i 0,2 (i .008) 

L_^ _ 2.05 (.081) 1.85 (.073) 

1.95 (.077) 1.65 (.065) 




4.20 MAX. 
(.165) 



CENTERLINES) 3.55 (.140) 
7OF CAVITY C 3.45(.136) 



3.80 MAX. 
(.150) 


8.30 (.327) 
7.70 (.303) 


FOR MACHINE REFERENCE ONLY 
INCLUDING DRAFT AND RADII 


kio(.i6in 

3.90 (.153) 


3.20 MAX. 
■(.126) 


USER DIRECTION OF FEED 


FIGURE 5. SOIC Taping Specification 
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Package Outlines 



National 

Semiconductor 


PACKAGE OUTLINES 


Dimensions are in —--. 

(millimeters) 

Numbers in parentheses behind package titles are NS internal package 
codes. 


Dimensions and package codes shown are applicable at time of printing. Factory should be consulted to confirm dimensions, 
package codes, and other information given. 


NS Package 
Code 

JEDEC 

Code 

NS Package 
Code 

JEDEC 

Code 

01 

TO-116 14-Lead Plastic DIP 

42 

TO-204 Power MOSFET 30 Mil Lead 

02 

TO-18Glass 

43 

TO-204 Power MOSFET 60 Mil Lead 

03 

16-Lead Plastic DIP 

44 

TO-247 Rectifier 2-Lead Plastic 

04 

TO-5 Glass 

48 

TO-236 (SOT-23) High Profile SMD 

06 

TO-46 Solid Kovar 

49 

TO-236 (SOT-23) Standard Profile SMD 

07 

TO-52 Solid Kovar 

51 

TO-202 Molded Plastic 

08 

TO-71 Glass TO-18 (6 Leads) 

55 

TO-202 Molded Plastic 

09 

TO-05 Solid Kovar 

56 

TO-202 Molded Plastic 

10 

TO-39 Solid Steel 

60 

8-Lead Molded Mini-DIP 

11 

TO-18 Glass 

67 

8-Lead Molded Mini-DIP 

12 

TO-71 Glass TO-18 (6 Leads) 

87 

TO-96 10-Lead TO-5 

14 

TO-85 10-Lead Flat Pack 

90 

TO-237 Plastic 

17 

TO-39 Solid Steel Low Profile 

91 

TO-237 Plastic 

18 

TO-52 Solid Kovar 

92 

TO-92 Plastic 

19 

TO-18 Glass 

94 

TO-92 Plastic 

23 

TO-72 Glass (4-Lead TO-18) P Channel FET 

95 

TO-226 Plastic (Tall TO-92) 

24 

TO-78 Glass TO-5 Diff Amp 8-Lead FET 

96 

TO-92 Faraday Shield Plastic 

25 

TO-72 Glass (4-Lead TO-18) 4-Lead FET 

97 

TO-92 Plastic 

26 

TO-86 14-Lead Flat Pack 

98 

TO-92 Faraday Shield Plastic 

27 

16-Lead Ceramic Dual-ln-Line 

99 

TO-226 (Tall TO-92) Plastic 

29 

TO-72 Glass (4-Lead TO-18) 

SI 

SOIC 8-Lead SMD 

30 

TO-78 Glass TO-5 (8 Leads) 

S2 

SOIC 14-Lead SMD 

35 

TO-116-2 14-Lead DIP 

S3 

SOIC 16-Lead SMD 

37 

TO-220 3-Lead 

D1 

DO-7 Axial Diode 

38 

TO-220 Multiple Rectifier 3-Lead 

D2 

DO-35 Axial Diode 

39 

TO-116 14-Lead Molded DIP 

D3 

LL-34 Diode SMD 

40 

TO-247 Power 3-Lead Plastic 

D4 

DO-41 Axial Diode 

41 

TO-220 Rectifier 2-Lead 

4L 

16-Lead Flat Pack 


DO-7 (D1) DO-35 (D2) DO-41 (D4) 





0.019-0.021 




(0.483-0.533) 



T 

1.000 

(25.40) 

_ 1 

_ 

1 



1 

0.230-0.279 

(5.842-6.985) 



1.000 

(25.40I 

+ 


TL/G/10336-1 


0.019-0.021 
(0.483-0.S33) 


n ^ 

w am 


(25.40) 

MIN 


0.140-0.180 


(3.556-4.572) 


(1.524-1.905) 

TL/G/10336-2 


0.029-0.031 

:rT 

(0.737 - 0.787) 

1 

1.100-1.200 

0.090-0.100 
(2.286 - 2.540) 

(27.94-30.48) 

r 1 

i 

,_L 

0.145-0.155 

0.165-0.175 

(3.683-3.937) 

J (4.191-4.445) 

♦ 

f - T 


1 0.055-0.057 


1'^ (1.397-1.448) 

1 


TL/G/10336-3 
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TO-5(04) 




TO-18(02,11,19) 


0.175-0.195 


(4.445-4.953) 
SEATING PLANE-I 

M= 


T 

0.030 

(0.762) 

MAX 

0.016-0.019 


(0.406-0.483) 


(5.309-5.842) 

0.170-0.210 

(4.318-5.334) 


D 0_ 


0.500 

(12.70) 

MIN 


Pin 

T(02),(19) 

1 

E 

2 

B 

3 

C 


Pin 

FET 

N(02) 

FET 

P(11) 

1 

S 

S 

2 

D 

G 

3 

G 

D 


0.100 



TO-39 (09,10) 


TL/G/10336-4 


TO-39(17) Lo-Profile 





TL/G/10336-6 


TL/G/10336-7 


Package Outlines 







Package Outlines 
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TO-85 (14) 
(Diode Arrays) 


TO-86 (26) 
(Diode Arrays) 


0.050 

(1.270) 

TYP 


0.015-0.019 i== 
(D381-fl^H!t) 1 . 

1 • 10 

SUTT 



- 0.240 - 0.260 

i -- 


■ (6.096 - 6.604) 

4 .. 

4 7 

5 6 

== i 

0.250-0.370 


0.250-0.370 

(6.350 - 9.398) ^ 


(6.350-9.398) 


0.050 

(1.270) 

TYP 


0.015-0.019 

2# 1 14 13 

. ;-J- 

(0.381-0.483) ' 

.^ W 1 

TYP ‘.. 

4 11 

5 10 

6 7 8 9 

... 0.240-0.260 

i ' 

■ If (6.096-6.604) 


--- ^ 

0.250-0.370 1 


0.250-0.370 

(6.350-9.398) ^ 

' (6.350-9.398) 


0.004-0.006 

(0.102-0.152) 


0.075-0.085 

(1.905-2.159) 



TL/G/10336-12 


0.004-0.006 

0.050 - 0.065 

(0.102-0.152) 

(1.270-1.651) 

f * 

_ i. 

^ t 1 1 

4 

0.025 0.240 -0.260 


(0.635) ' (6.096-6.604) ' 



TYP 


TL/G/10336-13 


TO-92 (92, 94, 96, 97, 98) 




0.090 (1.143-1.397) 



TL/G/10336-14 


■Leadformed to TO-18 configuration prior to bulk shipment. For in-line leads, order option L342. 
Drain-Source Interchangeable on most JFET Devices. 




Package Outli 


TO-92 (92, 94, 96) 
TO-18 Lead Form 


TO-92 (92, 94 ,96) 
TO-5 Lead Form 


-18 Option 


0.025 

(0.635) 

MIN 

0.014-0.016 


(0.356 - 0.406) 


0.160 


(4.064) 


(4.572) 

0.100 

(2.540) 




0.015 

(0.381) 



DIA PIN CIRCLE 


TL/G/10336-15 


5 Option 

0.175-0.185 


(4.45-4.70) 


0.090 

0.175-0.185 



(4.45-4.70) 


1 (2.29) 
_L NOM 

0.0S0.100 
(127-0.254) _ 
0.375 

(9.53) 

NOM _ 



0.025 

(0.635) 

1 MIN 

0.014-0.016 


(0.356-0.406) 




TL/G/10336-16 
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TO-92 (97, 98) 

TO-18 Lead Form STD* 




TL/G/10336-17 

*Note: All package 97 or 98 transistors are leadformed to this configuration 
prior to bulk shipment. Order L34Z option if in-line leads preferred on these 
package codes. 


TO-92 (92, 94, 96) 

0.100" Spacing Lead Form 
J61Z Option 



0.0145-0.0155 
(OIOM-0.39371 


(2.29) 

NOM 




0.045-0.055 

(1.143-1.397) 


0.190-0.210 




0.135-0.145 


(3.429-3.683) 


TL/G/10336-18 


TO-92 (92, 94, 96) 
TO-18 Lead Form and 


p 

J14Z Option 



0.160 



(4.064) 


1 

0.180 



r (4-572) 

0.180 

(4.572) 

1 

1 

0.100 

(2.540) 

MAX 


1 ~ 

0.025 

(0.635) 

MIN 

0.014-0.016 


(0.356-0.406) 




0.150-0.180 

(3.810-4.572) 


0.015 

(0.381) 


TO-92 (92, 94, 96) 
TO-18 Lead Form and 
Crop J22Z Option 




0.160 


(4.064) 

0.180 

•^(4.572) 

~T~ 

0.180 

(4.572) 

1 

I 

j_ 

0.100 

(2.540) 

MAX 


0.025 

(0.635) 

MiN 

0.014-0.016 

(0.356-0.406) 




0.120-0.150 

(3.048-3.810) 


(0.381) 


NOM 



DIA PIN CIRCLE 



DIA PIN CIRCLE 


TL/G/10336-19 


TL/G/10336-20 






Package Outlines 


TO-92 (92, 94,96) 

TO-5 Lead Form and Crop 
J25Z Option 





TO-92 (94) 

TO-18 Lead Form J35Z Option 




TL/G/10336-22 


TL/G/10336-21 


TO-96 (87) 













HIM 



I 

11 

i 



i 

1 


DIA 


0.115 

(2.921) 

TYP 


6 


7 

INSULATING STANDOFF 
SHAPE MAY VARY 

-0.045 

-1.143) 

0.028-0.034 
(0.711-0.864) 

TL/G/10336-23 
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TO-116(01) 


Pin 

T 

Pin 

T 

1 

Cl 

8 

C3 

2 

B1 

9 

B3 

3 

El 

10 

E3 

4 

NC 

11 

NC 

5 

E2 

12 

E4 

6 

B2 

13 

B4 

7 

C2 

14 

C4 


0.020-0.025 

(0.508-0.635 


0.740-0.770 

"(18.80-19.56) 




0.240-0.260 

(6.096-6.604) 


0.045-0.065 

(1.143-1.851) 


0.200 

(5.080) 

MAX I 

SEATING f 

PLANE A 0.100-0.150 
(2.540-3.810) 


10 11 12 13 14H 


0.070-0.080 

(1.778-2.032) 


(0.889-1.1431 


1 0.075 -0.085" 
(1.905-2.159) 




0.090-0.110 

(2.286-2.794)' 

TYP 


0.027-0.037 

(0.686-0.940) 

STANOOFF 

WIDTH 


0.016- 

"^I^m.406- 


0.016-0.020 
'(0.406 - 0.508) 


0.040-0.050 

(1.016-1.270) 

0.290-0.310 

(7.366-7.874) 


i 0.010-0.020 
i\ (0.229-0.508) 


0.009-0.011 
(0.229 -0.279) 


TO-116-2 (35) 
(Diode Arrays) 


0.750-0.785 

(19.05-19.94) 


0.245 - 0.271 
(6.223-6.883) 


7 

6 

5 

4 

3 

2 


8 

9 

10 

11 

12 

13 

J 


V "ir V' " 

0.200 

(5.080) 0.045-0.01 

MAX ^ “(1.143-1.6! 



0.100-0.165 

(2.540-4.191) 


0.090-0.110 

(2.286-2.794)^ “ 

TYP 0.027-0.037 
(0.686-0.940) 
STANDOFF 
WIDTH 


0.290 - 0.310 
(7.366-7.874) 
0.015 
(0.381) 

MIN 



1 



1 



1 0.009 
1 (0.229 

-0.011 ^ 
-0.279) 


0.016-0.020 
(0.406 - 0.508)’’^ 
0.065 - 0.095 
“(1.651-2.413) 


1.020 0.375 _ 

I <0 ^ 








TO-202 (51, 55, 56) 

TO-5 Lead Form and Crop 
J41Z Option 


TO-202 (51, 55, 56) 

Lead Form J52Z Option 


0.09S-0.105 

(2.413-2.887)” 

0.170-0.190 

(4.318-4.828) 


0.095-0.105 

(2.413-2.087) 

0.0195-0.0205 

(0.4953-0.5207)"^ 


0.170-0.190 

(4.318-4.828) 


1.210 

<30;W) 0.157 0.06B 


1.135 

(28.83) Q ,34 


0.0196-0.0205 I I 8o"REF^ 
(0.4953-0.6207) ^ / 

0.000-0.110 ^ 
(2.208-2.704)"”^ 


0.0195-0.0205 

(0.4953-0.5207) 


0.073-0.077 

(1.854-1.956) 



(3.404) (1.651) 
MOM NOM 



(0.144-9.852) 

0.240-0.260 



(6.006-6.604) 

c 


0.380-0.400 
. "*~(9.652-10.16) 

I ^ 0.240-0.260 

~ I (6.096-6.604) | ~ 


0.128-0.132 

(3.251-3.353) 


0.286-0.316 

(7.230-8.001) 


Di86-0J15 

(7.239-8.001) 



0.300-0.386 
(7.620-9.271) I 

I 0.080 

f (1.624) 

0.047-0.063 ^ 

(1.194-1.346)”*" 

TYP 

0.024-0.028 ^ 

(0.810-0.711)“*^ 

TYP — ^ 

0.195-0.206 ^ 

(4.963-6.207) 0.373-0.377 

“*”(9.474-9.676) 


I 0.095-0.105 
1(2.413-2.687) 



0.300-0.385 
(7.820-8.271) I 

1 0.060 
(1.624) 

0.047-0.040 

(1.104-1.245) 

0.024-0.028 

(0.610-0.711)' 

0.196-0.205 

(4.053-5.207) 


0.373-0.377 

(9.474-9.676)“*’ 

\ 0.086-0.075 

“*"(1.661-1,906) 
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Package Outlines 


10-202(51,55,56) 

TO-66 Lead Form, Crop and Tab 
Form J45Z Option 



D.024-0.028 


(0.610-0.711) " 1 

45"" 

"1 


0.046-6.050 

\ 


0.085-0.075 

(1.188-1.270) 


(1.651-1.905) 


1 


\ 

0.170-0.190 



2° 3'- 

L 

(4.310-4.826) 





TL/G/10336-30 


70-202(51,55,56) 

TO-5 Lead Form for Flush 
Mount J68Z Option 
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TO-220 (37, 41) 

TO-66 Lead Form and Crop J48Z Option 



TO-220 (37,38) 

TO’5 Lead Form J69Z Option 





TO-220 (37, 38) 

T0>5 Lead Form for Flush Mount J67Z Option 



TO-226 (95, 99) 



Pin 

T(95) 

T(99) 

1 

B 

C 

2 

C 

B 

3 

, E 

E 



TL/G/10336-40 



2 -: 





TO-226 (95,99) 
TO-5 Lead Form 
-5 Option 




TO-226 (95, 99) 
TO-18 Lead Form 
-18 Option 





TL/G/10336-41 


TL/G/10336-42 


Package Outlines 





Package Outlines 
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TL/G/10336-50 






























Package Outlines 


Molded Mini-DIP (60,67) 


I3SI 

IB 

||@ 

Dj 

NC 

S1 


SI 

D1 


D1 

NC 


G1 

G1 


S2 

S2 

,^9 

D2 

D2 

^9 

G2 

NC 

B 

NC 

G2 



TL/G/10336-51 

8-SOiC(S1) 



TL/G/10336-52 
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Package Outlines 


TO-236AA (48) (SOT-23) 


0,015-0.018 
(0.381 -0.457) 


i,r 


0.020 - 0.024 
(0.508 - 0.610) 



0.083-0.098 
(2.108 - 2.489) 


0.110-0.120 

"(2.794-3.048)" 


Note 1: Meets all JEDEC dimensional requirements for TO-236AA. 
Note 2: Controlling dimension: millimeters. 


0.047-0.055 

(1.194-1.397) 


0.035-0.040 

(0.889-1.016) 

0.070 -0.080 
(1.778-2.032) 

M 0.033-0.047 
(0.838-1.194) 



- 0.010 

-0.254) 


Pin 

T(48) 

D(48) 

1 

C 

See 

2 

B 

Part 

3 

E 

Nmbr 


0.003-0.005 
(0.076 -0.127) 


0.018-0.024 

"(0.457-0.610) 


TO-236AB (49) (SOT-23) 


0.015-0.018 
(0.381 -0.457) 


i,r 


0.020-0.024 
(0.508 - 0.610) 



0.083-0.098 
(2.108 - 2.489) 


0.110-0.120 
“(2.794 - 3.048) 


0.047-0.055 

(1.194-1.397) 


0.035-0.040 
(0.889-1.016) 
0.070-0.080 
(1.778 - 2.032) 

-U 0.030 - 0.041 
(0.762-1.041) 


Pin 

T(48) 

D(48) 

1 

C 

See 

2 

B 

Part 

3 

E 

Nmbr 


0.003-0.005 
(0.076 - 0.127) 


Note 1: Meets all JEDEC dimensional requirements for TO-236AB. 
Note 2: Controlling dimension: millimeters. 


0,001 -0.004 
(0.025-0.102) 


0.018-0.024 
“(0.457 - 0.610) 


TL/G/10336-57 


HIGH(48) 


STANDARD (49) 



0.004 -0.010 
(0.102-0.254) 


0.001-0.004 

(0.025-0.102) 


NOTE: FOOTPRINT IS THE SAME FOR STANDARD AND HIGH PROFILE PACKAGES. 
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16-Lead Ceramic (27) 
(Diode Arrays) 



0.025 

(0.635) 


SEATiNG 

PLANE 



WiDTH 


TL/G/10336-59 


16-Lead Plastic (03) 



WIDTH 


TL/G/10336-60 
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National 
Semiconductor 

Bookshelf of Technical Support Information 

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK—1987 

Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987 

SSI/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines • Packaging 

CMOS LOGIC DATABOOK—1988 

CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX • Surface Mount 

DATA COMMUNICATION/LAN/UART DATABOOK—Rev. 1—1988 

LAN IEEE 802.3 • High Speed Serial/IBM Data Communications • ISDN Components • UARTs 
Modems • Transmission Line Drivers/Receivers 

DRAM MANAGEMENT HANDBOOK—1988 

Dynamic Memory Control • Error Detection and Correction • Microprocessor Applications for the 
DP8408A/09A/17/18/19/28/29 • Microprocessor Applications for the DP8420A/21A/22A 

F100K DATABOOK—1989 

Family Overview • FI OOK Datasheets • 11C Datasheets • 10K and 100K Memory Datasheets 
Design Guide • Circuit Basics • Logic Design • Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations • Testing Techniques • Quality Assurance and Reliability 

FACTtm advanced CMOS LOGIC DATABOOK 

Reprint of Fairchild 1987 Databook 

Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations • 54AC/74ACXXX • 54ACT/74ACTXXX 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1988 

Circuit Characteristics • Ratings, Specifications and Waveforms • Design Considerations • 54F/74FXXX 

GRAPHICS DATABOOK—1988 

Advanced Graphics Chipset • Application Notes 





INTERFACE DATABOOK—1988 

Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral Power Drivers • Display Drivers 

Memory Support • Microprocessor Support • Level Translators and Buffers • Frequency Synthesis • Hi-Rel Interface 

LINEAR APPLICATIONS HANDBOOK—1986 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK—1988 

Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators • Instrumentation Amplifiers • Surface Mount 

LINEAR 2 DATABOOK—1988 

Active Filters • Analog Switches/Multiplexers • Analog-to-Digital • Digital-to-Analog • Sample and Hold 
Sensors • Voltage References • Surface Mount 

LINEAR 3 DATABOOK—1988 

Audio Circuits • Radio Circuits • Video Circuits • Motion Control • Special Functions • Surface Mount 

LS/S/TTL DATABOOK—1987 

Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • Low Power 

MASS STORAGE HANDBOOK—1988 

Winchester Disk Preamplifiers • Winchester Disk Servo Control • Winchester Disk Pulse Detectors 
Winchester Disk Data Separators/Synchronizers and ENDECs • Winchester Disk Data Controller 
SCSI Bus Interface Circuits • Floppy Disk Controllers 

MEMORY DATABOOK—1988 

PROMs, EPROMs, EEPROMs • Flash EPROMs and EEPROMs • TTL I/O SRAMs 
ECL I/O SRAMs • ECL I/O Memory Modules 

MICROCONTROLLER DATABOOK—1988 

COP400 Family • COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals • Display/Terminal Management Processor (TMP) 

Microcontroller Development Tools 

PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL—1989 

Product Line Overview • Datasheets • Designing with PLDs • PLD Design Methodology • PLD Design Development Tools 
Fabrication of Programmable Logic • Application Examples 

SERIES 32000 MICROPROCESSORS DATABOOK—1988 

Series 32000 Overview • Central Processing Units • Slave Processors • Peripherals • Board Level Products 
Development Systems and Tools • Software Support • Application Notes • NSC800 Family 

RELIABILITY HANDBOOK—1986 

Reliability and the Die • Internal Construction • Finished Package • MIL-STD-883 • MIL-M-38510 

The Specification Development Process • Reliability and the Hybrid Device • VLSI/VHSIC Devices 

Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 

Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 

European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor • The Total Military/Aerospace Standardization Program 

883 B/RETSTM Products • MILS/RETStm Products • 883/RETStm Hybrids • MIL-M-38510 Class B Products 

Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 

Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 

Bibliography • MIL-M-38510 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS—1987 

Line Card Components • Integrated Services Digital Network Components • Modems 
Analog Telephone Components • Application Notes 




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 


ALABAMA 

Huntsville 
Arrow Electronics 
(205) 837-6955 
Bell Industries 
(205) 837-1074 
Hamilton/Avnet 
(205) 837-7210 
Pioneer 
(205) 837-9300 
ARIZONA 
Phoenix 

Arrow Electronics 
(602) 437-0750 
Tempo 

Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-7800 
Hamilton/Avnet 
(602) 961-6400 
CALIFORNIA 
Agora Hills 
Zeus Components 
(818) 889-3838 
Anaheim 
Time Electronics 
(714) 934-0911 
Zeus Components 
(714) 921-9000 
Chatsworth 
Anthem Electronics 
(818) 700-1000 
Arrow Electronics 
(818)701-7500 
Hamilton Electro Sales 
(818) 700-6500 
Time Electronics 
(818)998-7200 
Costa Mesa 
Avnet Electronics 
(714) 754-6050 
Hamilton Electro Sales 
(714)641-4159 
Garden Grove 
Bell Industries 
(714)895-7801 
Gardena 
Bell Industries 
(213)515-1800 
Hamilton Electro Sales 
(213)217-6751 
Irvine 

Anthem Electronics 
(714) 768-4444 
Ontario 

Hamilton/Avnet 
(714) 989-4602 
Rocklin 
Bell Industries 
(916) 969-3100 
Roseville 
Bell Industries 
(916) 969-3100 
Sacramento 
Anthem Electronics 
(916) 922-6800 
Hamilton/Avnet 
(916)925-2216 
San Diego 
Anthem Electronics 
(619) 453-9005 
Arrow Electronics 
(619) 565-4800 
Hamilton/Avnet 
(619) 571-7510 
Time Electronics 
(619) 586-1331 
San Jose 

Anthem Electronics 
(408) 295-4200 
Zeus Components 
(408) 998-5121 


Sunnyvale 
Arrow Electronics 
(408) 745-6600 
Beli Industries 
(408) 734-8570 
Hamilton/Avnet 
(408) 743-3355 
Time Electronics 
(408) 734-9888 
Thousand Oaks 
Bell Industries 
(805) 499-6821 
Torrance 
Time Electronics 
(213) 320-0880 
Tustin 

Arrow Electronics 
(714) 838-5422 
Yorba Linda 
Zeus Components 
(714) 921-9000 
COLORADO 
Englewood 
Anthem Electronics 
(303) 790-4500 
Arrow Eiectronics 
(303) 790-4444 
Hamilton/Avnet 
(303) 799-9998 
Wheatridge 
Bell Industries 
(303) 424-1985 
CONNECTICUT 
Cheshire 
Time Electronics 
(203) 271-3200 
Danbury 
Hamiiton/Avnet 
(203) 797-2800 
Meridan 

Anthem Electronics 
(203) 237-2282 
Norwalk 

Pioneer Northeast 
(203) 853-1515 
Wallingford 
Arrow Electronics 
(203) 265-7741 
FLORIDA 
Altamonte Springs 
Arrow/Kierulff Electronics 
(305) 682-6923 
Pioneer 
(305) 834-9090 
Deerfieid Beach 
Arrow Electronics 
(305) 429-8200 
Beli Industries 
(305) 421-1997 
Pioneer 
(305) 428-8877 
Fort Lauderdale 
Hamilton/Avnet 
(305) 971-2900 
Lake Mary 
Arrow Electronics 
(407) 323-0252 
Largo 

Beil Industries 
(813) 541-4434 
Oriando 
Chip Supply 
(305) 298-7100 
Oviedo 

Zeus Components 
(407) 365-3000 
Palm Bay 
Arrow Electronics 
(305) 725-1480 
St. Petersburg 
Hamilton/Avnet 
(813) 576-3930 


Winter Park 
Hamilton/Avnet 
(407) 628-3888 
GEORGIA 
Norcross 
Arrow Electronics 
(404) 449-8252 
Bell Industries 
(404) 662-0923 
Hamilton/Avnet 
(404) 447-7500 
Pioneer 
(404) 448-1711 
ILLINOIS 
Bensenville 
Hamilton/Avnet 
(312) 860-7780 
Elk Grove Village 
Anthem Electronics 
(312) 640-6066 
Beli industries 
(312) 640-1910 
Itasca 

Arrow Electronics 
(312) 250-0500 
Urbana 
Bell Industries 
(217) 328-1077 
INDIANA 
Carmel 

Hamilton/Avnet 
(317) 844-9333 
Fort Wayne 
Bell Industries 
(219) 423-3422 
Indianapolis 
Advent Electronics Inc. 
(317) 872-4910 
Arrow Electronics 
(317)243-9353 
Bell Industries 
(317) 634-8202 
Pioneer 
(317) 849-7300 
IOWA 

Cedar Rapids 
Advent Electronics 
(319) 363-0221 
Arrow Eiectronics 
(319) 395-7230 
Beil Industries 
(319) 395-0730 
Hamilton/Avnet 
(319) 362-4757 
KANSAS 
Lenexa 

Arrow Electronics 
(913) 541-9542 
Overland Park 
Hamilton/Avnet 
(913) 888-8900 
MARYLAND 
Columbia 

Anthem Electronics 
(301) 995-6640 
Arrow Electronics 
(301) 995-0003 
Hamilton/Avnet 
(301)995-3500 
Lionex Corp. 

(301) 964-0040 
Time Electronics 
(301) 964-3090 
Zeus Components 
(301)997-1118 
Gaithersburg 
Pioneer 
(301)921-0660 


MASSACHUSETTS 

Lexington 
Pioneer Northeast 
(617) 861-9200 
Zeus Components 
(617) 863-8800 
Norwood 

Gerber Electronics 
(617) 769-6000 
Peabody 
Hamilton/Avnet 
(617) 531-7430 
Sertech Laboratories 
(617) 532-5105 
Time Electronics 
(617) 532-6200 
Wilmington 
Anthem Electronics 
(617)657-5170 
Arrow Electronics 
(617) 935-5134 
Lionex Corporation 
(617) 657-5170 
MICHIGAN 
Ann Arbor 
Arrow Electronics 
(313) 971-8220 
Bell Industries 
(313) 971-9093 
Grand Rapids 
Arrow Electronics 
(616)243-0912 
Hamilton/Avnet 
(616) 243-8805 
Pioneer Standard 
(616)698-1800 
Livonia 

Hamilton/Avnet 
(313) 522-4700 
Pioneer 

(313) 525-1800 
Wyoming 

R. M. Michigan, Inc. 
(616) 531-9300 
MINNESOTA 
Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Pioneer-Twin Cities 
(612) 944-3355 
Edina 

Arrow Electronics 
(612) 830-1800 
Minnetonka 
Hamilton/Avnet 
(612) 932-0600 
MISSOURI 
Earth City 
Hamilton/Avnet 

(314) 344-1200 
St. Louis 

Arrow Eiectronics 
(314) 567-6888 
Time Electronics 
(314) 391-6444 
NEW HAMPSHIRE 
Hudson 
Bell Industries 
(603) 882-1133 
Manchester 
Arrow Electronics 
(603) 668-6968 
Hamilton/Avnet 
(603) 624-9400 
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NEW JERSEY 

Cherry Hill 
Hamilton/Avnet 
(609)424-0100 
Fairfield 
Hamilton/Avnet 
(201) 575-3390 
Lionex Corporation 
(201)227-7960 
Marlton 

Arrow Electronics 
(609) 596-8000 
Parsippany 
Arrow Electronics 
(201)538-0900 
Pine Brook 

Nu Horizons Electronics 
(201) 882-8300 
Pioneer 
(201)575-3510 
NEW MEXICO 
Albuquerque 
Alliance Electronics Inc. 
(505) 292-3360 
Arrow Electronics 
(505) 243-4566 
Bell Industries 
(505) 292-2700 
Hamilton/Avnet 
(505)765-1500 
NEW YORK 
Amityville 

Nu Horizons Electronics 
(516) 226-6000 
Binghamton 
Pioneer 
(607) 722-9300 
Buffalo 

Summit Distributors 
(716) 887-2800 
Fairport 

Pioneer Northeast 
(716) 381-7070 
Hauppauge 
Anthem Electronics 
(516) 273-1660 
Arrow Electronics 
(516)231-1000 
Hamilton/Avnet 
(516)434-7413 
Lionex Corporation 
(516) 273-1660 
Time Electronics 
(516) 273-0100 
Port Chester 
Zeus Components 
(919) 937-7400 
Rochester 
Arrow Electronics 
(716) 427-0300 
Hamilton/Avnet 
(716) 475-9130 
Summit Electronics 
(716) 334-8100 
Ronkonkoma 
Zeus Components 
(516) 737-4500 
Syracuse 
Hamilton/Avnet 
(315) 437-2641 
Time Electronics 
(315) 432-0355 
Westbury 
Hamilton/Avnet 
(516) 997-6868 
NORTH CAROLINA 
Charlotte 
Pioneer 
(704) 527-8188 


Durham 

Pioneer Technology 
(919) 544-5400 
Raleigh 

Arrow Electronics 
(919) 876-3132 
Hamilton/Avnet 
(919)878-0810 
Winston-Salem 
Arrow Electronics 
(919)725-8711 
OHIO 
Centerville 
Arrow Electronics 
(513)435-5563 
Cleveland 
Pioneer 
(216)587-3600 
Dayton 
Bell Industries 
(513) 435-8660 
Bell Industries 
(513) 434-8231 
Hamilton/Avnet 
(513) 439-6700 
Pioneer 
(513)236-9900 
Zeus Components 
(914) 937-7400 
Highland Heights 
CAM/Ohio Electronics 
(216)461-4700 
Solon 

Arrow Electronics 
(216)248-3990 
Hamilton/Avnet 
(216)831-3500 
Westerville 
Hamilton/Avnet 
(614)882-7004 
OKLAHOMA 
Tulsa 

Arrow Electronics 
(918) 252-7537 
Hamilton/Avnet 
(918)252-7297 
Quality Components 
(918) 664-8812 
Radio Inc. 

(918) 587-9123 
OREGON 
Beaverton 

Almac-Stroum Electronics 
(503) 629-8090 
Anthem Electronics 
(503) 643-1114 
Arrow Electronics 
(503) 645-6456 
Lake Oswego 
Bell Industries 
(503)241-4115 
Hamilton/Avnet 
(503) 635-7850 
PENNSYLVANIA 
Horsham 

Anthem Electronics 
(215) 443-5150 
Lionex Corp. 

(215) 443-5150 
Pioneer 
(215) 674-4000 
King of Prussia 
Time Electronics 
(215) 337-0900 
Monroeville 
Arrow Electronics 
(412)856-7000 


Pittsburgh 
Hamilton/Avnet 
(412) 281-4150 
Pioneer 
(412)782-2300 
CAM/RPC Ind. Elec. 

(412) 782-3770 
TEXAS 
Addison 

Quality Components 
(214) 733-4300 
Austin 

Arrow Electronics 
(512)835-4180 
Hamilton/Avnet 
(512) 837-8911 
Pioneer 
(512) 835-4000 
Quality Components 
(512) 835-0220 
Minco Technology Labs 
(512) 834-2022 
Carrollton 
Arrow Electronics 
(214) 380-6464 
Dallas 
Pioneer 
(214) 386-7300 
Houston 

Arrow Electronics 
(713) 530-4700 
Pioneer 
(713)988-5555 
Irving 

Hamilton/Avnet 
(214)550-7755 
Richardson 
Anthem Electronics 
(214) 238-0237 
Zeus Components 
(214)783-7010 
Stafford 
Hamilton/Avnet 
(713) 240-7733 
Sugarland 

Quality Components 
(713) 240-2255 
UTAH 
Midvale 
Bell Industries 
(801) 972-6969 
Salt Lake City 
Anthem Electronics 
(801)973-8555 
Arrow Electronics 
(801)973-6913 
Bell Industries 
(801) 972-6969 
Hamilton/Avnet 
(801)972-4300 
WASHINGTON 
Bellevue 

Almac-Stroum Electronics 
(206) 643-9992 
Hamilton/Avnet 
(206) 453-5844 
Kent 

Arrow Electronics 
(206) 575-4420 
Redmond 

Anthem Electronics 
(206) 881-0850 
Hamilton/Avnet 
(206) 867-0148 


WISCONSIN 

Brookfield 
Arrow Electronics 
(414)792-0150 
Mequon 
Taylor Electric 
(414) 241-4321 
Waukesha 
Bell Industries 
(414) 547-8879 
Hamilton/Avnet 
(414)784-4516 
CANADA 

WESTERN PROVINCES 
Burnaby 
Hamilton/Avnet 
(604) 437-6667 
Semad Electronics 
(604)438-2515 
Calgary 

Hamilton/Avnet 
(403) 250-9380 
Semad Electronics 
(403) 252-5664 
Zentronics 
(403) 272-1021 
Edmonton 
Zentronics 
(403) 468-9306 
Richmond 
Zentronics 
(604) 273-5575 
Saskatoon 
Zentronics 
(306) 955-2207 
Winnipeg 
Zentronics 
(204) 694-1957 
EASTERN PROVINCES 
Brampton 
Zentronics 
(416)451-9600 
Mississauga 
Hamilton/Avnet 
(416)677-7432 
Nepean 

Hamilton/Avnet 
(613) 226-1700 
Zentronics 
(613) 226-8840 
Ottawa 

Semad Electronics 
(613) 727-8325 
Points Claire 
Semad Electronics 
(514) 694-0860 
St. Laurent 
Hamilton/Avnet 
(514) 335-1000 
Zentronics 
(514) 737-9700 
Waterloo 
Zentronics 
(800) 387-2329 
Willowdale 
ElectroSound Inc. 
(416)494-1666 
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P.O. Box 58090 
Santa Clara, CA 95052-8090 
Tel: (408) 721-5000 
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INTERNATIONAL 

OFFICES 

Electronica NSC de Mexico SA 
Juventino Rosas.No. 118-2 
Col Guadalupe Inn 
Mexico, 01020 D.F. Mexico 
Tel: 52-5-524-9402 
National Semicondutores 
Do Brasil Ltda. 

Av. Brig. Faria Lima. 1383 
6.0 Andor-Conj. 62 \ 

01451 Sao Paulo. SP. Brasil 
Tel: (55/11)212-5066 
Fax: (55/11)211-1181 NSBR BR 
National Semiconductor GmbH 
Industriestrasse 10 
D-8080 Furstenfeldbruck 
West Germany 
Tel: 49-08141-103-0 
Telex: 527 649 

National Semiconductor (UK) Ltd. 

301 Harpur Centre 

Horne Lane 

Bedford MK40 ITR 

United Kingdom 

Tel: (02 34) 27 00 27 

Telex: 826 209 

National Semiconductor Benelux 

Vorstlaan 100 
B-1170 Brussels 
Belgium 

Tel; (02) 6725360 
Telex: 61007 


National Semiconductor (UK) Ltd. 

1. Bianco Lunos Alle 
DK-1868 Fredriksberg C 
Denmark 
Tel: (01) 213211 
Telex: 15179 

National Semiconductor France 

Centre d’affaires la boursidiere 
Route nationale 186 
F-92357 Le Plessis Robinson 
Frankreich 
France 

Tel: (01)46 60 81 40 
Telex: 631065 

National Semiconductor S.p.A. 

Strada 7, Palazzo R/3 

20089 Rozzano 

Milanofiori 

Italy 

Tel: (02) 8242046/7/8/9 

National Semiconductor AB 
Box 2016 

Ste.nsatravagen 13 
S-12702 Skarholmen 
Sweden 

Tel: (08) 97'oi90 
Telex; 10731 

National Semiconductor 
Calle Agustin de Foxa, 27 
28036 Madrid 
Spain 

Tel: (01)733-2958 
Telex: 46133 


National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 

Switzerland 

Tel: (01)830-2727 

Telex: 59000 

National Semiconductor 

Kauppakartanonkatu 7 

SF-00930 Helsinki 

Finland 

Tel: (0) 33 80 33 
Telex: 126116 

National Semiconductor Japan 
Ltd. 

Sanseido Bldg. 5F 
4-15 Nishi Shinjuku 
Shinjuku-ku 
Tokyo 160 Japan 
Tel: 3-299-7001 
Fax: 3-299-7000 
National Semiconductor 
Hong Kong Ltd. 

Suite 513, 5th Floor, 

Chinachem Golden Plaza, 

77 Mody Road, Tsimshatsui East, 
Kowloon, Hong Kong 
Tel: 3-7231290 
Telex; 52996 NSSEA HX 
Fax: 3-3112536 


National Semiconductor 
(Australia) PTY, Ltd. 

1st Floor. 441 St. Kilda Rd. 

Melbourne. 3004 

Victory. Australia 

Tel: (03) 267-5000 

Fax:61-3-2677458 

National Semiconductor (PTE), 

Ltd. 

200 Cantonment Road 13-01 

Southpoint 

Singapore 0208 

Tel: 2252226 

Telex: RS 33877 

National Semiconductor (Far East) 
Ltd. 

Taiwan Branch 

P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bldg. 

302 Min Chuan East Road, 

Taipei, Taiwan R.O.C. 

Tel; (86) 02-501-7227 

Telex: 22837 NSTW 

Cable; NSTW TAIPEI 

National Semiconductor (Far East) 

Ltd. 

Korea Branch 

13th Floor, Dai Han Life Insurance 
63 Building. 

60, Yoido-dong, Youngdeungpo-ku, 

Seoul, Korea 150-763 

Tel: (02) 784-8051/3, 785-0696/8 

Telex: 24942 NSPKLO 

Fax: (02) 784-8054 
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